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INTRODUCTION 

The I n s t i t u t e  f o r  Computer Applicat ions i n  Science and Engineering (ICASE) 

i s  operated a t  the  b n g l e y  Research Center (LaRC) of NASA by the  U n i v e r s i t i e s  

Space Research Associat ion (USRA) under a con t r ac t  with the Center. USRA i s  a 

nonpro f i t  consortium of major U. S. co l l eges  and u n i v e r s i t i e s .  

The I n s t i t u t e  conducts unc la s s i f i ed  b a s i c  research  i n  appl ied  mathematics, 

numerical  a n a l y s i s ,  and computer sc ience  i n  order  t o  extend and improve 

p rob lewso lv ing  c a p a b i l i t i e s  i n  sc ience  and engineer ing ,  p a r t i c u l a r l y  i n  

ae ronau t i c s  and space.  

ICASE has a small permanent s t a f f .  Research is conducted p r imar i ly  by 

v i s i t i n g  s c i e n t i s t s  from u n i v e r s i t i e s  and from indus t ry ,  who have r e s iden t  

appointments f o r  l imi t ed  per iods of t i m e ,  and by consu l t an t s .  Members of 

NASA’s research  s t a f f  a l s o  may be r e s iden t s  a t  ICASE f o r  l imi t ed  per iods .  

The maj o r  ca t egor i e s  of the cur ren t  ICASE resea rch  program are : 

a. Numerical methods, with p a r t i c u l a r  emphasis on the  development and 

b. Control and parameter i d e n t i f i c a t i o n  problems, with emphasis on 

c .  Computational problems i n  engineer ing and the physical  s c i ences ,  

d.  Computer systems and sof tware,  e s p e c i a l l y  vec to r  and para l le l .  

a n a l y s i s  of b a s i c  numerical a lgori thms;  

e f f e c t i v e  numerical methods; 

p a r t i c u l a r l y  f l u i d  dynamics, a c o u s t i c s ,  and s t r u c t u r a l  a n a l y s i s  ; 

computers. 

ICASE reports are considered to be primarily preprints of manuscripts that 

have been submitted t o  appropr ia te  research  j o u r n a l s  o r  t h a t  a r e  t o  appear i n  

conference proceedings.  A l i s t  of these  r epor t s  f o r  the  period Apri l  1, 1987, 

through October 1, 1987, i s  given i n  the Reports and Abs t rac ts  s e c t i o n  which 

fol lows a b r i e f  d e s c r i p t i o n  of the research  i n  progress .  

P re sen t ly ,  ICASG i s  operated a t  NASA Langley Research Center ,  Hampton, 
VA, under the National Aeronautics and Space Adminis t ra t ion,  NASA Contract No. 
NAS1-18107. In the  p a s t ,  support  has been provided by NASA Contrac ts  No. 
NAS1-17070, NAS1-17130, NAS1-15810, NAS1-16394, NAS1-14101, and NAS1-14472. 



RESEARCH IN PROGRESS 

Saul Abarbanel 

The m r k  on non-ref lect ing boundary cond i t ions  is now being genera l ized  

f o r  the th ree  dimensional case. Here t h e  geometry of the  flow determines 

whether one winds up with an  eigenvalue problem f o r  a system of o rd ina ry  d i f -  

f e r e n t i a l  equat ion  o r  a system of  p a r t i a l  d i f f e r e n t i a l  equat ions .  We are 

s t i l l  i n  the  formulat ion s tage .  

New work w a s  undertaken t o  design compact, s p a t i a l l y  fourth-order  accu ra t e  

a lgor i thms f o r  the  Euler  equat ions ,  when the  system i s  dr iven  t o  a s t e a d y  

s t a t e .  It i s  shown t h a t  on a Car tes ian  g r i d  the f i n i t e  d i f f e r e n c e  s teady  

s t a t e  ope ra to r  can be represented t o  f o u r t h  o rde r  accuracy using only  a 3x3 

s t e n c i l  i n  two dimensions and a 3 x 3 ~ 3  s t e n c i l  i n  t h r e e  dimensions. Pre- 

l imina ry  numerical r e s u l t s  run by Ajay Kumar (High-speed Aerodynamics Divi- 

s i o n ,  LaRC) f o r  a 2-D r e f l e c t e d  shock problem i n d i c a t e  t h a t  the  expected 

improvement i n  reduced d i s p e r s i o n  and increased accuracy i s  r e a l i z e d .  

E. T. Banks and F. Kojima 

We are cont inuing our i n v e s t i g a t i o n s  on inve r se  problems a r i s i n g  i n  ther -  

mal tomography. S p e c i f i c a l l y ,  we are cons ider ing  the  i d e n t i f i c a t i o n  of t he  

geometr ical  s t r u c t u r e  of the  boundary shape f o r  a 2-D d i f f u s i o n  system under 

boundary observat ions.  The problem treated here i s  converted into  an optimi-  

z a t i o n  problem based on a f i t - to -da ta  c r i t e r i o n .  We have developed and t e s t e d  

a numerical scheme employing s p l i n e  approximations; t h e o r e t i c a l  convergence 

and s t a b i l i t y  of the method have been e s t ab l i shed .  The p r a c t i c a l  u t i l i t y  of 

o u r  algorithm was supported by our  computational experience with a l a r g e  num- 

b e r  of numerical experiments.  The a lgor i thm appears t o  perform well on d a t a  

conta in ing  no i se  a t  a l e v e l  of 20-30%. Our bas i c  parameter e s t ima t ion  ideas  

can be r e a d i l y  extended t o  t r e a t  a more genera l  class of geometr ical  s t ruc-  

t u r e .  We are c u r r e n t l y  pursuing development of an i d e n t i f i c a t i o n  a lgor i thm 

f o r  the complicated ( i r r e g u l a r )  boundary s t r u c t u r e s  which s u f f i c i e n t l y  char- 

a c t e r i z e  t h e  "real"  crack shape of materials. 
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We a r e  a l s o  cont inuing  our e f f o r t s  on s t a t e  es t imat ion  f o r  v i b r a t i o n s  of 

continuum s t r u c t u r e s  (e.g., Euler-Bernoulli  beam with t i p  bodies) sub jec t  t o  

s t o c h a s t i c  d i s turbances .  The i n f i n i t e  dimensional f i l t e r  equat ions f o r  the  

systems have been de r ived ,  and we have implemented spline-based ( a  cubic  B- 

s p l i n e )  computational schemes t o  so lve  t h e  f i l t e r i n g  problem. A t  p r e sen t ,  we 

a r e  s tudying the  t h e o r e t i c a l  convergence p r o p e r t i e s  f o r  the  f i n i t e  approximat- 

ed f i l t e r .  Future  i n v e s t i g a t i o n s  involve  the  parameter i d e n t i f i c a t i o n  and 

numerical s t u d i e s  f o r  a "s tochas t ic"  Euler-Bernoul l i  beam with t i p  bodies .  

E. T. Banks and G. Propst 

Together with R. S i lcox  (Acoust ics  Div is ion ,  I a R C )  we continue m r k i n g  on 

time domain formulations of act ive  noise  suppression problems describing the 

acoustics i n  a waveguide by the  wave equat ion .  From experimental  d a t a  we want 

t o  i d e n t i f y  the appropr i a t e  boundary condi t ions  t o  be used i n  a model t h a t  in- 

c ludes  acous t i c  sources  i n  the  i n t e r i o r  of the  duc t .  In our approach, knowl- 

edge on the  primary sources  and on t h e  evolu t ion  of the  a c o u s t i c  f i e l d  is as- 

sumed i n  order  t o  determine the  optimal input  t o  the  c o n t r o l l a b l e  sources  so  

t h a t  t he  a c o u s t i c  energy i n  a p re spec i f i ed  region of the wave duc t  i s  mini- 

mized by d e s t r u c t i v e  i n t e r f e r e n c e .  

8. T. Banks and I. G. Rosen 

We have developed an approximation t h e o r e t i c  framework f o r  i d e n t i f i c a t i o n  

problems involving non l inea r ,  nonautonomous d i s t r i b u t e d  parameter systems. 

The theory completely subsumes recent  r e s u l t s  f o r  l i n e a r  systems and is  appl i -  

cab le  t o  a reasonably wide class of nonl inear  problems. These inc lude  a va r i -  

e t y  of nonl inear  models f o r  heat  conduction and d i f f u s i o n .  Numerical s t u d i e s  

involving supercomputing are c u r r e n t l y  i n  progress .  

We have begun t o  look a t  inverse  problems f o r  both l i n e a r  and nonl inear  

models f o r  t he rmoe las t i c i ty .  Our s tudy  inc ludes  t h e o r e t i c a l ,  computat ional ,  

and experimental  a spec t s .  We are a l s o  t r y i n g  t o  extend and apply the  approxi- 
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mation schemes we have developed f o r  t he  i d e n t i f i c a t i o n  of d i s t r i b u t e d  models 

f o r  the  v i b r a t i o n  of f l e x i b l e  beams t o  two dimensional s t r u c t u r e s  such a s  

p l a t e s  and g r ids .  I n  add i t ion  t o  t h e o r e t i c a l  s t u d i e s  (i . e . ,  convergence 

a n a l y s i s  v i a  func t iona l  a n a l y t i c  techniques) ,  we in tend  t o  t e s t  our methods 

with a c t u a l  experimental  d a t a .  

b l V h  &yliSS 

We a r e  s tudying the s p a t i a l  i n s t a b i l i t y  of supersonic  flows i n  t h r e e  di-  

mensions by numerical s o l u t i o n  of the Navier-Stokes equat ions  us ing  a f o u r t h  

o rde r  f i n i t e  d i f f e r e n c e  scheme. This i s  j o i n t  work with L. Maes t re l lo  (Tran- 

son ic  Aerodynamics Divis ion,  LaRC) and R. Krishnan and P. Par ikh of Vigyan 

Research Associates .  We have computed s p a t i a l l y  uns tab le  waves i n  the  l i n e a r  

regime f o r  supersonic  boundary l a y e r  a t  Mach 4.5. In  t h e  l i n e a r  regime, ou r  

r e s u l t s  have been compared with growth rates computed from non-paral le l  s ta -  

b i l i t y  theory and with experiments. In  p a r t i c u l a r  we f i n d  a growth t h a t  i s  
l a r g e r  than the  growth predic ted  from p a r a l l e l  s t a b i l i t y  theory.  We a r e  cur- 

r e n t l y  s tudying  l a r g e r  amplitude d i s tu rbances  i n  order  t o  s tudy  non l inea r  

e f f e c t s .  An ICASE r e p o r t  i s  being prepared on t h i s  work. 

Dennis W. Brewr 
Research is cont inuing  on parameter e s t ima t ion  problems assoc ia ted  with 

l i n e a r  evolu t ion  equa t ions  i n  inf in i te -d imens iona l  spaces.  A genera l  a lgo-  

r i thm based on quas i - l i nea r i za t ion  has been e s t ab l i shed  along with i ts  l o c a l  

convergence p rope r t i e s .  The algorithrn has  been numerical ly  t e s t e d  on l i n e a r  

de l ay -d i f f e ren t i a l  equat ions .  Numerical experiments i n d i c a t e  t h a t  t h e  method 

converges r ap id ly  when used t o  i n d e n t i f y  one o r  two unknown delays.  Grea ter  

d i f f i c u l t i e s  are encountered i n  c o e f f i c i e n t  i d e n t i f i c a t i o n  because t h e  solu- 

t i o n  may be i n s e n s i t i v e  t o  c e r t a i n  changes i n  the  c o e f f i c i e n t s .  Numerical 

experiments i n d i c a t e  t h a t  t hese  problems may be reduced by adding non- 

homogeneous terms. Future research  w i l l  involve  cont inuing numerical  experi-  
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mentation and improvements i n  the  theory  t o  accommodate a wider class of prob- 

lems. 

Dennis W. Brewer and J, Steven CXbson 

We are cont inuing our e f f o r t s  t o  develop robus t  sof tware rou t ines  f o r  

i d e n t i f y i n g  parameters i n  r o b o t i c  manipulators.  The programs use numerical  

i n t e g r a t i o n  of non l inea r  d i f f e r e n t i a l  equat ion  models and nonl inear  optimiza- 

t i o n  algorithms. This work is  i n  conjunct ion with J. Pennington, F. Harr ison,  

and D. Soloway ( Informat ion  Systems Divis ion ,  LaRC) who have provided experi-  

mental data .  Our previous research  i n d i c a t e s  a need t o  model the  i n t e g r a t e d  

electro-mechanical system t o  reduce parameter s e n s i t i v i t y .  We have obtained 
da ta  and have tes ted models which include coupled physical  and actuator dynam- 

i c s .  Good f i t s  t o  experimental  d a t a  have been obtained using these  methods. 

E l e c t r i c a l  parameters obtained i n  t h i s  way from on-line d a t a  agree w e l l  with 

t h e  same parameters measured o f f - l i ne .  Future  research  w i l l  involve t h e  simu- 

l a t i o n  of mul t ip le - l ink  motions and ex tens ions  of our  model t o  l i n k  geometr ies  

now being designed f o r  LaRC. 

John Burns 

W e  are cont inuing our e f f o r t  t o  develop and analyze computational schemes 

f o r  con t ro l  of systems governed by pa r t i a l - func t iona l  d i f f e r e n t i a l  equa- 

t i o n s .  The major goa l  of t h i s  work i s  the  cons t ruc t ion  of numerical methods 

t h a t  pressure  bas i c  system p rope r t i e s  important i n  con t ro l  design and optimi- 

za t ion .  We have i n v e s t i g a t e d  two c l a s s e s  of problems and our i n i t i a l  work has 

concentrated on simple low o rde r  approximations. The f i r s t  problem considered 

was the con t ro l  of a v i s c o e l a s t i c  s h a f t  with Boltzmann damping. A hybrid f i -  

n i t e  e lemendaveraging numerical  approximation scheme was developed and shown 

t o  converge t o  the  system and i t s  a d j o i n t .  Although the scheme converges pro- 

p e r l y ,  the r e s u l t i n g  f i n i t e  dimensional systems are  extremely l a r g e  and con- 

t r o l  designs based on t h i s  scheme requ i r e  cons iderable  computational power ( i r  
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CPU t i m  

i g a t i o n .  

nume r i cal 

d s to rage ) .  New methods a r e  c e r t a i n l y  needed and are under inves t -  

The second aspec t  of t h i s  work i s  concerned with the  development of 

schemes f o r  hyperbol ic  p a r t i a l  d i f f e r e n t i a l  equat ions  t h a t  maximize 

t h e  robustness  of c o n t r o l l a b i l t i y ,  o b s e r v a b i l i t y ,  and s t a b i l i z a b i l i t y  of t he  

approximating systems. Ea r ly  r e s u l t s  i n d i c a t e  t h a t  f o r  boundary con t ro l  prob- 

lems s l i g h t  v a r i a t i o n s  i n  a p a r t i c u l a r  computational scheme can lead  t o  o rde r s  

of  magnitude improvements i n  robustness  of system p rope r t i e s  such as cont ro l -  

l a b i l i t y .  

Tom Croclcett 

A d e t a i l e d  s tudy was conducted of FORTRAN f loa t ing -po in t  performance on 

the  Flex/32 computer. This information is  expected t o  be use fu l  t o  research- 

ers who are analyzing performance of t h e i r  p a r a l l e l  a lgori thms.  Guidel ines  

were a l s o  developed f o r  dec id ing  when i t  may be advantageous t o  copy d a t a  from 

shared t o  l o c a l  memory before  opera t ing  with it. 

Concrete examples of I /O-intensive p a r a l l e l  programs a r e  being s tud ied  i n  

o r d e r  t o  support  and r e f i n e  prev ious ly  developed models of p a r a l l e l  f i l e s .  As 

a pre l iminary  s t e p  i n  developing paral le l  1/0 experiments on the  Flex/32, mea- 

surements are being made of s equen t i a l  1/0 performance under both the  U N I X  and 

MMOS opera t ing  systems. 
Argonne National Lab's Schedule package f o r  w r i t i n g  po r t ab le ,  p a r a l l e l  

FORTRAN programs was i n s t a l l e d  on the Flex/32, and a p resen ta t ion  on Schedule 

was g iven  t o  the  Computational S t r u c t u r a l  Mechanics group a t  LaRC. 

TO= Qockett, David Mlddleton, and Sherry Tomboulian 

The Navier-Stokes Computer (NSC) is  being developed a t  Pr inceton Universi-  

t y  with support  from NASA t o  provide very  h igh  performance on very  long vec to r  

computations. Each of t h e  many nodes conta ins  seve ra l  func t ion  u n i t s ,  i n t e r -  

connect ing swi tches ,  memory planes and IMA u n i t s  which can be configured t o  

suppor t  d i f f e r e n t  p ipe l ined  expression trees. Due t o  the  extreme complexity 
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of the  design inc luding  s i g n i f i c a n t  asymmetries and spec ia l  cases  , genera t ing  

e f f i c i e n t  microcode f o r  the seve ra l  i n s t r u c t i o n  s t o r e s  presents  a g r e a t  chal-  

l enge  e i t h e r  t o  a compiler’s code gene ra to r ,  o r ,  u n t i l  such is a v a i l a b l e ,  t o  

human programmers. Our research  had two aims: the  p r i n c i p l e  one w a s  t o  s tudy  

programming systems f o r  t he  machine s i n c e  these  had received i n s u f f i c i e n t  con- 

s i d e r a t i o n  i n  the  design.  A second aim a rose  from t h i s  s tudy:  it appeared 

t h a t  r e l a t i v e l y  s l i g h t  changes t o  the  s p e c i f i c  design,  while maintaining the 

ove ra l l  NSC machine philosophy, could s i g n i f i c a n t l y  enhance programming ef- 

f o r t s  , both manual and automatic.  

We implemented a prototype g raph ica l  ed i tor /assembler  t o  provide an immed- 

i a t e  aid t o  the p h y s i c i s t s  who a r e  t o  use the NSC; i t  mimics the  techniques  

they  were using t o  w r i t e  code manually, while enabling a l a r g e  amount of the  

co r rec tness  checking , necess i t a t ed  by the  design’s complexi t ies ,  t o  be per- 
formed. This pro to type ,  which is being presented at t he  1987 SIAM Conference 

on P a r a l l e l  Processing,  enables  the programmer t o  c r e a t e  p i p e l i n e s  of func t ion  

u n i t s  v i s u a l l y ,  from which i t  can e x t r a c t  information necessary  t o  genera te  

machine i n s t r u c t i o n s .  Development of t he  prototype l ed  t o  s e v e r a l  conclu- 

s ions .  (1) A graph ica l  e d i t o r  seems a good way t o  provide,  i n  t h e  s h o r t  

term, a too l  f o r  e f f e c t i v e l y  programming the  NSC. By providing a more natu- 

r a l ,  graphica l  i n t e r f a c e  and automating much of the cons is tency  checking, t h e  

e d i t o r  f r e e s  the programmer t o  concent ra te  on fundamental i s s u e s  of e f f i c i e n t  

execut ion.  The programmer must s t i l l  be deeply conversant with the  NSC archi -  

t e c t u r e .  ( 2 )  Development of a product ion q u a l i t y  graphics  e d i t o r  would be 

s t i l l  a major programming p r o j e c t ,  s i m i l a r  i n  s c a l e  t o  a compiler cons t ruc t ion  

p ro jec t  , a1 though most l i k e l y  l e s s  e r r o r p r o n e .  The major development c o s t s  

would ar ise  from the need t o  check a l l  the  somewhat a r b i t r a r y  r e s t r i c t i o n s  i n  

the  NSC des ign  and i n  providing s u i t a b l e  con t ro l  of t h i s  process  t o  the  

use r .  ( 3 )  A model of programming with the  g raph ica l  e d i t o r  was developed 

t a r g e t t e d  towards the k inds  of vec to r  computations f o r  which the NSC w a s  de- 

s igned.  Various s t e p s  i n  t h i s  programming process  a re  s u i t a b l e  f o r  automa- 

t i o n ,  and the  h e u r i s t i c s  developed may w e l l  provide a b a s i s  f o r  e f f i c i e n t  code 

genera t ion  i n  a l a t e r  compiler p r o j e c t .  ( 4 )  Since the  programmer must s t i l l  

have a c lose  understanding of the NSC, an a b s t r a c t  NSC model was developed 

which would be e a s i e r  f o r  t he  programmer t o  conceptua l i se  yet  remain a power- 
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f u l  subset  of t h e  a c t u a l  NSC. Together with the  programming methods, t h i s  ab- 

s t ract  model n a t u r a l l y  suggests  a l t e r a t i o n s  and ex tens ions  t o  the  a c t u a l  NSC 

which could be u s e f u l l y  explo i ted  by programming systems. 

Naomi Decker 

Although the  s imples t  mu1 t i g r i d  a lgbri thms are e x c e l l e n t  f a s t  Poisson 

s o l v e r s  f o r  most s tandard  d i s c r e t i z a t i o n s  of the  Laplacian,  t h e i r  e f f i c i e n c y  

i s  of t e n  s i g n i f i c a n t l y  impaired when used t o  so lve  more genera l  problems. 

Successful  modi f ica t ions  have been worked out  i n  many cases .  For quasi-  

e l l i p t i c ,  s l i g h t l y  i n d e f i n i t e  ¶ h i g h l y  i n d e f i n i t e ,  and f o r  t h e  "skewed 

Laplacian," t h e r e  e x i s t  e f f i c i e n t  and o f t e n  very  c l e v e r  t o o l s  t o  rega in  f u l l  

mu l t ig r id  e f f i c i ency .  Among these a r e  t h e  v c o r r e c t i o n  scheme, block relaxa-  

t i o n ,  semi-coarsening, and the  ray mul t ig r id  method. However, these  f i x e s  a r e  

f o r  the  most p a r t  t echn ica l  and o f t e n  r equ i r e  an exper t  t o  implement. One 

o f t e n  needs t o  know, a p r i o r i ,  the  behavior of t he  problem i n  the  region of 

i n t e r e s t  i n  order  t o  dec ide  which methods t o  use. 

In  hopes of r e t a i n i n g  the  s i m p l i c i t y  as wel l  as the  e f f i c i e n c y  of t he  

b a s i c  mul t ig r id  method i n  going t o  more genera l  problems, we have been working 

on two sepa ra t e ,  though n o t  un re l a t ed ,  a l t e r n a t i v e s  t o  the  cu r ren t  approaches.  

A v a r i a n t  of the  ray  mul t ig r id  method (Brandt/Ta'asan, Dendy) has been 

proposed by Hackbusch. This implementation increases  the robustness while re- 

taining the s i m p l i c i t y  of the basic mul t ig r id  a lgori thm. For example, i t  

e l imina te s  the  need f o r  s p e c i a l  adapta t ions  of t he  smoother o r  f o r  us ing  semi- 

coarsening r a t h e r  than  fu l l -coarsening  of t he  mesh when so lv ing  p o t e n t i a l l y  

degenerate  e l l i p t i c  problems. It a l s o  r e t a i n s  f u l l  mu l t ig r id  e f f i c i e n c y  f o r  

the  skewed Laplacian problem. A s imple ,  p r a c t i c a l  vers ion of t h i s  method has 

been worked o u t ,  and the  pre l iminary  a n a l y s i s  shows i t  t o  be a n  acceptab le  

s i m p l i f i c a t i o n  of Hackbusch's ideas .  

A l t e r n a t i v e s  t o  the  -c-correction scheme f o r  the  s o l u t i o n  of s l i g h t l y  in- 

d e f i n i t e  e l l i p t i c  problems are a l s o  being worked on. Here t h e  emphasis is 

again on developing simple , robus t  methods. 
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A s tudy  of the  r o l e  of mul t ig r id  methods f o r  so lv ing  non-e l l i p t i c  problems 

was begun. This s tudy  is intended t o  be the  b a s i s  f o r  f u t u r e  research .  

Pravir lhtt and Nessan Mac Giolla lJhuiris 

Much has been learned  i n  recent  years  about t h e  manner i n  which non l inea r  

b u t  d e t e r m i n i s t i c ,  f i n i t e  dimensional dynamical systems can become chaot ic .  A 

g r e a t  dea l  has been w r i t t e n  about t he  importance of t h i s  work t o  f l u i d  dynam- 

i c s  though progress  here  has  proved d i f f i c u l t .  We a r e  c u r r e n t l y  a t tempt ing  t o  

apply one too l  from the  f i n i t e  dimensional a r s e n a l ,  the  powerful Melnikov 

method, t o  a class of i n v i s c i d ,  incompressible  f l u i d  flows known as the Kelvin 

S t u a r t  ca t seye  flows. The s t r eaml ines  of t hese  flows form h e t e r o c l i n i c  o r b i t s  

which repeat p e r i o d i c a l l y  i n  one s p a t i a l  d i r e c t i o n .  Adding a margina l ly  un- 

s t a b l e  mode t o  t h i s  system is equ iva len t  t o  fo rc ing  the  p a r t i c l e  pa ths  w i t h  a 

time pe r iod ic  func t ion .  'Ihis is the  c lass ic  scenar io  f o r  an a p p l i c a t i o n  of 

t h e  Melnikov ana lys i s .  With t h i s  a n a l y s i s  one can determine t h e  manner i n  

which the  h e t e r o c l i n i c  o r b i t s  g e t  broken, and t h i s  i n  t u r n  can t e l l  us  whether 

t h e  system becomes chao t i c .  Such Lagrangian chaos has  been observed experi-  

menta l ly  and we hope t o  p red ic t  i t  with our work. Presen t ly ,  we are devis ing  

a computer code t o  o b t a i n  the  necessary margina l ly  uns t ab le  mode. 

Robert E. Fennel1 
Current research  involves  the  development of c o n t r o l  design methods f o r  

m u l t i v a r i a b l e  h e r e d i t a r y  systems and is motivated by con t ro l  des ign  problems 

f o r  f l e x i b l e  a i r c r a f t .  A t t en t ion  focuses  upon robus t  c o n t r o l  system des ign  

methods. Computational experience sugges ts  t h a t  input /output  models d e t e r  

mined by observing the  response of a l i n e a r ,  time i n v a r i a n t  h e r e d i t a r y  system 

t o  s p e c i f i e d  i n p u t s  are i n s e n s i t i v e  t o  measurement e r r o r s .  Consequently, con- 

t r o l  l a w s  based upon such p l an t  r ep resen ta t ion  should be i n s e n s i t i v e  t o  uncer- 

t a i n  parameters. These ideas  are being pursued i n  the  a n a l y s i s  of feedback 

s t a b i l i z a t i o n  problems f o r  h e r e d i t a r y  systems. Related work with B i l l  Adams 
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(Guidance and Control Divis ion,  LaRC) involves  t h e  design of robust  c o n t r o l  

laws for f l u t t e r  suppress ion  and gus t  load a l l e v i a t i o n  of an a e r o e l a s t i c  ve- 

h i c l e .  In  add i t ion ,  e f f o r t  is  being d i r e c t e d  a t  t h e  development of d i s t r i -  

buted con t ro l  s t r a t e g i e s  f o r  l a r g e  s c a l e  systems. 

D. Funaro and D. Gottlieb 

A new method t o  impose boundary cond i t ions  f o r  pseudospectral  approxima- 

t i o n s  t o  hyperbol ic  equat ions  is  suggested.  This  method involves  t h e  col loca-  

t i o n  of +he equat ion a t  t he  boundary nodes a s  well as s a t i s f a c t i o n  of the  

boundary condi t ions.  S t a b i l i t y  and convergence r e s u l t s  are proven for t he  

Chebyshev approximation of l i n e a r  s c a l a r  hyperbol ic  equat ions.  The e i g e w  

va lues  of t h i s  method appl ied  t o  pa rabo l i c  equat ions are shown t o  be r e a l  and 

negat ive.  

James Geer 

This work involves  the  development and s tudy of a hybrid per turba-  

t i o d G a l e r k i n  method t o  determine how t h e  method might be appl ied t o  some 

f l u i d  dynamic and two poin t  boundary va lue  problems. In p a r t i c u l a r ,  a t  pre- 
s e n t  s e v e r a l  model l i n e a r  and nonl inear  two point  e igenvalue problems, as w e l l  

as some nonl inear  o s c i l l a t i o n  models, are  being s tudied  i n  d e t a i l .  (The 

symbolic manipulation language MACSYMA i s  being used r a t h e r  ex tens ive ly  i n  

these  i n v e s t i g a t i o n s  .) Some pre l iminary  r e s u l t s  i n d i c a t e  t h a t  t h e  method 

produces use fu l  r e s u l t s  of acceptab le  accuracy even when the  formal per turba-  

t i o n  s o l u t i o n  has a zero r ad ius  of convergence. In a d d i t i o n ,  p o s s i b l e  ap- 

p l i c a t i o n s  of t h e  method t o  problems involving t h e  shedding of v o r t i c i t y  from 

s l e n d e r  and t h i n  bodies a t  h igh  angles  of a t t a c k  are being inves t iga t ed .  This 

work is a n  ex tens ion  of some of the r e s u l t s  discussed i n  a recent  ICASE Report 

(NO. 87-55). 

Work on t h e  method i t s e l f  is being done with Dr. Car l  Andersen of t he  

College of W i l l i a m  and Mary, while a p p l i c a t i o n s  are geing discussed with D r .  
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Eddie Liu (Low-Speed Aerodynamics Div is ion ,  LaRC) and D r .  Mike Hemsch 

(Transonic Aerodynamics Branch, LaRC) . 
Three-dimensional s l ende r  wing theory. Work i s  continuing on s tudying  the  

p o s s i b i l i t y  of using some of t he  ideas  of uniform s l ende r  body theory f o r  t h e  

problem of subsonic flow p a s t  a f u l l y  three-dimensional wfng with sha rp  t r a i l -  

i n g  edges and wing t i p s .  A p re l iminary  s tudy  i s  underway which w i l l  a t tempt  

t o  inc lude  t r a i l i n g  (wing-tip) v o r t i c i t y  e f f e c t s  on a three-dimensional t h i n  

wing with an a r b i t r a r y  planform. This work i s  being done with Dr. Eddie Liu 

(Low-Speed Aerodynamics Div is ion ,  LaRC)  and Prof.  Lu Ting of New York 

Un ive  rs i t y . 
I n t e g r a l  equat ions  of t h e  f i r s t  kind i n v e s t i g a t i o n s  a r e  a l s o  continuing on 

some fundamental p r o p e r t i e s  (bo th  from t h e o r e t i c a l  and computational po in t s  of 

view) of a c l a s s  of "almost" s i n g u l a r  i n t e g r a l  equat ions  of t he  f i r s t  kind 

which are useful  i n  representing the so lu t ion  to cer ta in  e l l i p t i c  exter ior  

boundary va lue  problems. These equat ions  t y p i c a l l y  have t h e  proper ty  t h a t  t h e  

domain of i n t e g r a t i o n  R is a proper subse t  of t he  domain of v a l i d i t y  D of 

t h e  equation. Spec ia l  cons ide ra t ion  is being g iven  t o  the  idea  of ana ly t i -  

c a l l y  continuing the  s o l u t i o n  i n t o  t h e  domain D. I n  f a c t ,  t h i s  has now been 

done f o r  a l a r g e  c l a s s  of one-dimensional i n t e g r a l s ,  such as  those which occur 

i n  the  r ep resen ta t ion  of s o l u t i o n s  involv ing  a body of revolu t ion .  For t h i s  

s p e c i a l  c lass ,  a c h a r a c t e r i z a t i o n  of R i n  terms of c e r t a i n  p r o p e r t i e s  of t he  

a n a l y t i c  cont inua t ion  of t he  ke rne l  has  been obtained. This c h a r a c t e r i z a t i o n  

l e a d s  t o  a simple numerical procedure t o  determine R and he lps  t o  circumvent 

some of t he  s t a b i l i t y  problem inhe ren t  i n  so lv ing  i n t e g r a l  equa t ions  of t h e  

f i r s t  kind. Appl ica t ions  of the  r e s u l t s  w i l l  be use fu l  i n  s e v e r a l  two- and 

three-dimensional problems involv ing  s l ende r  o r  t h i n  bodies. The symbolic 

manipulation system MACSYMA has been used i n  some of the  i n v e s t i g a t i o n s .  

J. S. Gibson 

We have developed approximation schemes f o r  t he  de te rmina t ion  of optimal 

closed-loop l i n e a r  q u a d r a t i c  c o n t r o l l e r s ,  e s t i m a t o r s ,  and compensators f o r  

d i scre te - t ime d i s t r i b u t e d  parameter systems with unbounded input  and/or out- 
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put. S p e c i f i c a l l y ,  we have developed f i n i t e  dimensional approximation methods 

f o r  LQR and LQG problems f o r  d i s t r i b u t e d  systems with boundary c o n t r o l  and un- 

bounded measurement. We have considered t h e  h e a t / d i f f u s i o n  equat ion  wi th  

e i t h e r  M r i c h l e t  o r  Neumann boundary inpu t  and pointwise measurement of 

temperature and an Euler-Bernoulli  model f o r  t h e  t r a n s v e r s e  v i b r a t i o n  of a 

f l e x i b l e  clamped-free beam with Kelvin-Voigt v i s c o e l a s t i c  damping, a shea r  

f o r c e  input  a t  t he  f r e e  end and pointwise measurement of s t r a i n .  In  a d d i t i o n  

t o  a t h e o r e t i c a l  s tudy  ( i . e ,  convergence a n a l y s i s  v i a  func t iona l  a n a l y t i c  

techniques) ,  we have implemented, t e s t e d ,  and compared modal and s p l i n e  func- 

t i o n  based f i n i t e  element approximation schemes. We are c u r r e n t l y  t r y i n g  t o  

extend our approach and r e s u l t s  t o  r e g u l a t o r  and e s t ima to r  problems invo lv ing  

i n f i n i t e  dimensional systems with c o n t r o l  and/or measurement de lays .  

David Gottlieb 

We have continued the  i n v e s t i g a t i o n  of t he  a p p l i c a t i o n  of s p e c t r a l  t o t a l  

v a r i a t i o n  bounded methods f o r  shock wave c a l c u l a t i o n .  The work i s  twofold: 

t h e  f i r s t  p a r t  i s  concerned with t h e  approximation problem and t h e  second is  

t h e  a p p l i c a t i o n  t o  the  numerical s o l u t i o n  of PDE’s. 

The approximation problem can be formulated a s  follows: can w recover a 

d iscont inuous  func t ion  from i ts  f i r s t  N Four ie r  c o e f f i c i e n t s ?  I n  a prev ious  
work ( j o i n t l y  w i t h  E. Tadmor) w showed how t o  e x t r a c t  s p e c t r a l l y  a c c u r a t e  

p o i n t  va lues  away from t h e  d i s c o n t i n u i t y .  However, t h e  procedure advocated 

simultaneously y i e l d s  an o s c i l l a t i o n  f r e e  approximation a l g e b r a i c a l l y  a c c u r a t e  

i n  t h e  neighborhood of t h e  shock and s p e c t r a l l y  accu ra t e  away from t h e  

shock. These ideas  have been t e s t e d  i n  s imula t ions  of Burger’s equat ion .  

Here we s t a r t e d  wi th  c e l l  averages,  and t h e  main problem is  t o  r econs t ruc t  a 

Tota l  V a r i a t i o n  Bounded approximation t o  t h e  poin t  va lues  from the  g iven  ce l l  

averages. The numerical r e s u l t s  i n d i c a t e  t h a t  t h e  method is s t a b l e ,  o s c i l l a -  

t i o n  f r e e ,  and possesses s p e c t r a l  accuracy away from the  shock. Together with 

Wei C a i  a t  Brown Unive r s i ty  we continue t h e  i n v e s t i g a t i o n  towards applying t h e  

above i d e a  t o  more p r a c t i c a l  problems. 
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I n  another  e f f o r t ,  we are i n v e s t i g a t i n g  the  type of boundary cond i t ions  i n  

multidomain s p e c t r a l  methods t h a t  are  bes t  i n  a p a r a l l e l  computing environ- 

ment. We show t h a t  f o r  e l l i p t i c  problems, t h e  s tandard connection between the  

mat r ices  i s  a f u l l  row. However, f o r  the  case of two domains, we can s t i l l  

so lve  t h e  equat ions i n  p a r a l l e l .  The r e l a t i o n  between pa ra l l e l i sm and 

s e p a r a t a b i l i t y  of boundary condi t ions  f o r  hyperbol ic  systems of equat ions  i s  

being s tudied .  We prove t h a t  t h e  technique developed by G o t t l i e b  and Funaro 

leads  t o  a s t a b l e  sepa rab le  method. 

Chester E. Grosch 

Calcula t ions  of the  s t a b i l i t y  of a family of vo r t ex  flows, which a r e  exac t  
s o l u t i o n s  of the  Navier-Stokes equat ions ,  i s  cont inuing w i t h  M. K o r a m i  (Old 

Dominion Univers i ty) .  We expect  t h a t  t h e  r e s u l t s  of these c a l c u l a t i o n s  w i l l  

i l l umina te  the  dependency of t he  s t a b i l i t y  o r  i n s t a b i l i t y  of t hese  flows on 

t h e  Reynolds number and pressure  g rad ien t .  A s tudy ,  with T. Jackson, of the  

s t a b i l i t y  of a model r eac t ing  shear  l a y e r  has  been s t a r t e d .  

The s tudy ,  i n  co l l abora t ion  with R. Fa toohi ,  of p a r a l l e l  a lgor i thms f o r  

e l l i p t i c  and parabol ic  p a r t i a l  d i f f e r e n t i a l  equat ions  i s  n e a r l y  completed. A 

s h o r t  paper,  r e p o r t i n g  on t h e  r e s u l t s  of the  implementation of para l le l /con-  

cu r ren t  a lgori thms f o r  the  e l l i p t i c  problem on the MPP, FLEX/32, and CRAY/2 

was presented a t  t h e  1987 I n t e r n a t i o n a l  Conference on P a r a l l e l  Processing. 

Two papers have been submitted t o  j o u r n a l s ,  and another  is i n  prepara t ion .  

P h i l i p  B a l l  
The three-dimensional breakdown of G o r t l e r  v o r t i c e s  i n  growing boundary 

l a y e r s  has  been inves t iga t ed .  It was found t h a t  t he  v o r t i c e s  s u f f e r  a wavy 

vor t ex  i n s t a b i l i t y  i n  the  shea r  l a y e r s  which t r a p  the  region of vo r t ex  ac t iv-  

i t y .  The t h e o r e t i c a l  r e s u l t s  obtained were cons i s t en t  with experimental  ob- 

s e r v a t i o n s .  The i n s t a b i l i t y  of axisymmetric supersonic  flows was i nves t i -  

gated.  Unlike the  p lanar  case these  flows are found t o  support  2-D TS 
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waves. The non l inea r  i n t e r a c t i o n  of t hese  modes was  i n v e s t i g a t e d ,  and i t  was 

shown t h a t  when i n s t a b i l i t y  i s  poss ib l e  two d i f f e r e n t  modes are poss ib l e  

s t a b l e  so lu t ions .  The work with F. T. Smith has  been extended t o  cons ider  

cortex-TS i n t e r a c t i o n s  i n  shea r  flows without curvature .  A r a t i o n a l  means of 

p red ic t ing  secondary and o the r  breakdowns mechanisms for 2-D TS waves has  been 

found . 

S. I. Hariharan 

Our w r k  on i so thermal  atmospheric wave propagation i s  cont inuing.  Recent 

r e s u l t s  show t h a t  p red ic t ion  of t he  sound f i e l d  using the  l i n e a r  theory  has  

approximately t h e  same behavior as t h a t  obtained from the nonl inear  theory  f o r  

moderate per iods  of time. However, long time behavior d i f f e r s  s i g n i f i c a n t -  

l y .  These conclusions a r e  based on a one-dimensional model. For t h e  two and 

t h r e e  dimensional models for both the  l i n e a r  and nonl inear  s i t u a t i o n s ,  compu- 

t a t i o n s  can be made f o r  only moderate values  of time because of i naccurac i e s  

i n  the f a r - f i e ld  condi t ions.  To i n v e s t i g a t e  the  long time behavior we are  

examining p o s s i b i l i t i e s  of ob ta in ing  more accu ra t e  boundary cond i t ions .  In  a 

r e c e n t  j o i n t  work with Prof. T. Hagstrom (SUNY a t  Stony Brook) we ob ta ined  

accu ra t e  nonl inear  boundary condi t ions  f o r  gas dynamics problems. These ideas  

are  being appl ied  t o  o b t a i n  appropr ia te  accu ra t e  boundary condi t ions  for the 

three dimensional acous t i c  case. 

Ami Barten 

Numerical experiments with the new class  of h i g l r o r d e r  accu ra t e  Essent ia l -  

l y  Non-Oscillatory (ENO) schemes showed t h a t  t he  EN0 schemes y i e l d  h igh ly  ac- 

c u r a t e  r e s u l t s  i n  t h e  smooth p a r t  of t he  s o l u t i o n  and high r e s o l u t i o n  of 

shocks. However, the  EN0 schemes, l i k e  most o the r  schemes, e x h i b i t  unsa t i s -  

f a c t o r y  r e s o l u t i o n  of con tac t  d i s c o n t i n u i t i e s .  (Unlike shocks,  con tac t  d i s -  

c o n t i n u i t i e s  a r e  l i n e a r  i n  na ture  and the re fo re  are s e n s i t i v e  t o  numerical  

d is s i p a t  i on. ) 
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Recently,  we have developed a new technique t o  overcome t h i s  d i f f i c u l t y  

which we c a l l  "subce l l  resolut ion."  It is  based on the  observa t ion  t h a t  c e l l -  

averages of a d i scont inuous  func t ion ,  un l ike  point  va lues ,  con ta in  information 

about the  exact  l o c a t i o n  of t he  d i s c o n t i n u i t y  wi th in  the computational cell. 

Using t h i s  observat ion we have designed a new EN0 r econs t ruc t ion  technique 

which is exact  f o r  the recovery of d i scont inuous  piecewise polynomial func- 

t i o n s  (of  the  appropr i a t e  degree) from t h e i r  given cell-averages.  We ask  the  

new recons t ruc t ion  t o  c a l c u l a t e  a c o r r e c t i o n  term t o  the numerical f l u x  of t h e  

EN0 scheme by eva lua t ing  the f l u x  through the c e l l  boundaries due t o  ( an  

appropr ia te )  l i n e a r  advect ion of t he  d i f f e r e n c e  between the o l d  and the new 

EN0 recons t ruc t ions .  Numerical experiments with a problem of two i n t e r a c t i n g  

b l a s t  waves (suggested by Woodward and Co le l l a )  showed a d e f i n i t e  improvement 

i n  the  q u a l i t y  of t he  r e s u l t s .  

W. Y. Hrssaini 

We continue t o  i n v e s t i g a t e  the  prototype problems of s t a b i l i t y  and t r ans i -  

t i o n  i n  P o i s e u i l l e  flow, Blas ius  flow, and Taylor-Couette flow. Detai led re- 

s u l t s  on t h e  nonl inear  s t ages  of i n s t a b i l i t y  a r e  presented i n  t h e  A I M  

Conference Paper (AIAA-87-1204). Some r e s u l t s  on the  ex is tence  of a c e r t a i n  

type  of secondary i n s t a b i l i t y  i n  a supersonic  compressible boundary l a y e r  are 

reported i n  a Conference Paper (AIAA-87-1416). Research is  now focused on the  

in f luence  of compress ib i l i t y  on t h e  i n s t a b i l i t y  mechanisms observed i n  low 

Mach number flows. New subgrid-scale  models f o r  large-eddy s imula t ion  of 

homogeneous compressible tu rbu len t  f lows have been developed and a re  being 

t e s t e d  aga ins t  d i r e c t  s imula t ions  (ICASE Report No. 87-20). In  the  case of 

t h e  Taylor-Couette flow, some d e t a i l e d  r e s u l t s  p e r t a i n i n g  t o  the  two-cell/one- 

c e l l  exchange process ,  and t h e i r  comparison with experiments a r e  presented i n  

t h e  paper AIM-87-1444. Work i s  cont inuing  on the  three-dimensional f low i n  

f i n i t e  cy l inde r s  of small aspec t  r a t i o ,  and s imula t ions  have progressed t o  t h e  

s t a g e  of two wavy vor t ex  systems. The goal  is  t o  s imula te  t h e  route  t o  chaos 

as observed i n  some experiments,  and e s t a b l i s h  the r e l a t i o n  between Navier- 

Stokes s o l u t i o n s  and chaos theo r i e s  based on model equat ions.  
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Our combustion r e sea rch  program concerns supersonic  r eac t ing  flows rele- 

vant  t o  scramjet engines.  Keeping the chemistry simple,  a t tempts  a r e  under 

way t o  s tudy  t h e  i g n i t i o n ,  flame holding and flame propagation phenomena ( in-  

c lud ing  flame f ron t / shock  i n t e r a c t i o n  and flame f ron t / tu rbu lence  in t e rac -  

t i o n ) .  The t h e o r e t i c a l  approach c o n s i s t s  of m u l t i p l e  s c a l e  asymptotics and 

f u l l  s c a l e  numerics. Some r e s u l t s  on the  asymptotic ana lys i s  of supersonic  

r e a c t i n g  mixing l a y e r s  wi th  one-step i r r e v e r s i b l e  Arrhenius chemistry and 

l a r g e  a c t i v a t i o n  energy (ICASE Report 87-17] w i l l  appear i n  Combustion Science 

and Technology. Numerical s imula t ions  of chemi ca l l  y r eac t ing  two-dimensional 

supe r son ic  flows are continuing. Some thoughts on mixing problems i n  scram- 

j e t s  are presented i n  the  paper AIAA-87-1882. Some poss ib l e  op t ions  f o r  mix- 

ing  enhancement a r e  proposed the re in .  Simulations are under way f o r  turbu- 

l ence  enhancement through i n t e r a c t i o n  wi th  o s c i l l a t i n g  shocks. 

New s p e c t r a l  mu1 t i g r i d  a lgor i thms have been developed and appl ied  t o  the  

large-eddy s imula t ion  of homogeneous incompressible turbulence  (ICASE Report 

No. 87-45). A s p e c t r a l  algorithm f o r  the  s imula t ion  of i n s t a b i l i t y  and 

t r a n s i t i o n  i n  a supersonic  boundary l a y e r  was r e s t r u c t u r e d  f o r  p a r a l l e l  compu- 

t a t i o n  and implemented on t h e  20-processor Flex/32. Speedups of 13 out a max- 

imum of 16 are achieved on the  l a r g e s t  computational g r i d  (ICASE Report No. 

87-41). Work i s  cont inuing  on spectral  multidomain methods f o r  i n s t a b i l i t y  

and t r a n s i t i o n  problems keeping i n  mind para l le l  a r c h i t e c t u r e  computers. A 

b r i e f  review of s p e c t r a l  multidomain methods is included i n  ICASE Report No. 

87-62. 

This  program of r e sea rch  is c a r r i e d  out  i n  c o l l a b o r a t i o n  with 

S. H. Bokhari, D. M. Bushnell (High-speed Aerodynamics Div is ion ,  L a R C ) ,  

J. P. Drummond (High-speed Aerodynamics Div i s ion ,  LaRC) , G. Er lebacher  (High- 

Speed Aerodynamics Div is ion ,  LaRC), D. A, Kopriva, A. Kumar (High-speed Aero- 

dynamics Division, LaRC) , C. L. S t r e e t t  (Transonic Aerodynamics Div is ion ,  

LaRC), and T. A. Zang (High-speed Aerodynamics Division, LaRC) .  
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gazufumi It0 
In  j o i n t  e f f o r t s  wi th  J. A. Burns and G. P rops t ,  we have analyzed the  

Galerkin approximation f o r  de l ay  d i f f e r e n t i a l  equat ions  based on l i n e a r  s p l i n e  

func t ions  and shown t h a t  t h e  a d j o i n t s  of t he  approximating semigroup converge 

only  weakly ( n o t  s t r o n g l y )  t o  t h e  a d j o i n t  semigroup. This f a c t  exp la ins  a n  

e a r l i e r  c a l c u l a t i o n  of R icca t i  s o l u t i o n s  us ing  the  Galerkin approximation 

which e x h i b i t s  a zig-zag behavior.  

I n  j o i n t  e f f o r t s  with F. Kappel ( I n s t i t u t  f u r  Mathematik, A u s t r i a ) ,  we 

have developed a new spline-based approximation scheme f o r  de lay  d i f f e r e n t i a l  

equation. The approximating semigroups preserve  t h e  logar i thmic  s e c t o r i a l  

p roper ty  of t he  s o l u t i o n  semigroup. Convergence and convergence r a t e s  a r e  

e s t a b l i s h e d  using the  r ep resen ta t ion  of semigroups by reso lvent  formula. A 

new scheme e s s e n t i a l l y  has a l l  of t h e  good p r o p e r t i e s  of the  AVE-scheme but 

y i e l d s  quadra t i c  convergence, 

I n  j o i n t  e f f o r t s  with K. Kunisch ( I n s t i t u t  f u r  Mathematik, Austria), we 

have s tud ied  an i n v e r s e  problem i n  e l l i p t i c  PDE’s; i .e . ,  t he  problem of de te r -  

mining a func t ion  q i n  t h e  e l l i p t i c  PDE -V(qVu) = f and u l a n  = 0 from 

measurement z f o r  t h e  s o l u t i o n  U. We formulate the  problem as a n o n l i n e a r  

cons t ra ined  op t imiza t ion  f o r  In t h e  l i g h t  of t h i s  

we developed a hybrid method which combines the  output  l e a s t  square and equa- 

t i o n  e r r o r  formula t ions  us ing  the  augmented Lagrangian method f o r  cons t ra ined  

opt imiza t ion .  A g e n e r a l  convergence r e s u l t  of t he  augmented Lagrangian method 

f o r  cons t ra ined  op t imiza t ions  i n  H i l b e r t  spaces is e s t a b l i s h e d  and i t  has been 

appl ied  t o  t h e  example above. A number of t es t  computations has  been suc- 

c e s s f u l l y  c a r r i e d  out  f o r  t h e  case Q = [0,1] and [ O , l ] x [ O , l ] .  

1 (q,u) E H 2 ( Q )  x Ho(Q) .  

Tom L. Jackson 

A cur ren t  r e sea rch  e f f o r t  a t  LaRC involves  t h e  s tudy  of supersonic  reac t -  

i ng  flows r e l evan t  t o  scramjet engines used i n  the  propulsion of hypersonic  

a i r c r a f t  and c r u i s e  missiles. One important aspec t  of t h e  problem is under- 

s tanding  the  s t a b i l i t y  c h a r a c t e r i s t i c s  of t he  base flow. The base flow under 

cons ide ra t ion  i s  the  model developed by Jackson and Hussaini (ICASE Report No. 
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87-17). An i n v i s c i d  s t a b i l i t y  a n a l y s i s  w i l l  be performed t o  determine t h e  

maximum growth ra te  of a d is turbance  as a func t ion  of Mach number, s h e a r ,  

temperature  d i f f e rences  ac ross  the p l a t e ,  and hea t  release (due t o  chemical 

mixing and hea t ing) .  This is a c r i t i c a l  problem s ince  i t  is necessary  t o  

understand the  e f f e c t  of chemistry on the  t r a n s i t i o n  process from laminar  t o  

tu rbu len t  flows i n  developing f u t u r e  scramjet engines.  This work is  being 

done i n  co l l abora t ion  with M. Y. Hussaini and C. Grosch. 

David Kamouitz 
Work continued on so lv ing  the s teady  s t a t e  e l a s t i c i t y  equat ions  where t h e  

domain is a t h i n  p l a t e  with holes  and cracks.  A computer code has  been imple- 

mented and rates of convergence using var ious  algori thms a re  being t e s t e d  and 

compared. It is expected t h a t  a vers ion  of mul t ig r id  w i l l  be most success fu l .  

In  add i t ion  t o  t h e  e l a s t i c i t y  p ro jec t  research  is being done on t h e  one 

dimensional neutron t r a n s p o r t  problem. The goal  is t o  determine the  d i s t r i -  

bu t ion  of neutrons i n  a s l a b  of a g iven  width. 'Jbo avenues of research  are 

being pursued. The f i r s t  is  t o  use an  adapt ive  procedure t o  eva lua te  a cer- 

t a i n  kerne l  and the  second is t o  then  use mul t ig r id  t o  speed up convergence of 

t he  e n t i r e  algorithm. To da t e  the r e s u l t s  are promising. 

Steve Keeling 

Together with R. S i l cox  (Acoust ics  Divis ion,  LaRC) and H. T. Banks, t h e  

a c t i v e  suppression of cabin no i se  due t o  a n  advanced turbo-prop des ign  is  be- 

ing  considered wi th in  t h e  framework of optimal c o n t r o l  theory.  The t h r e e  di-  

mensional system i s  modelled by f i r s t  assuming t h a t  the  pressure  f i e l d  (p , )  

due t o  t h e  offending noise  sources  i s  governed by the  wave equat ion i n  the  

cabin  i n t e r i o r  and by a nonhomogeneous D i r i c h l e t  boundary cond i t ion ,  i .e., a 

boundary d is turbance .  Then the  f i e l d  (p2)  due t o  c o n t r o l l i n g  sources  wi th in  

the cabin is assumed t o  be governed by a nonhomogeneous wave equat ion  i n  t h e  

i n t e r i o r  and by a s p e c i a l  boundary condi t ion  designed t o  conform with t h e  ex- 
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per imenta l ly  observed frequency dependence i n  t h e  r e f l e c t i o n  of monotone 

waves. While the  problem formulated f o r  p 1  is  well-known, t h a t  formulated 

f o r  p2 is  not .  Therefore ,  t h e  l a t t e r  has been w r i t t e n  i n  a f i rs t  order  form 

f o r  which the  ex i s t ence  of a C o  semigroup has been e s t ab l i shed .  Also, i t  i s  

d e s i r a b l e  f o r  the  gene ra to r  t o  have a compact reso lvent  and fo r  t he  semigroup 

t o  s a t i s f y  an exponent ia l  decay es t imate .  Some p a r t i a l  success has been 

achieved i n  t h i s  d i r e c t i o n .  

Concerning the con t ro l  problem, t h e  o b j e c t i v e  is t o  use p2 t o  minimize 

p1 + p2. With the c o n t r o l l a b l e  sources  assumed t o  cons i s t  of a s e t  of mono- 

po le s  loca ted  near  t he  cabin  boundary, t h e  optimal weighting of these  i s  being 

determined i n  feedback form. Since the offending no i se  sources  are  expected 

t o  be roughly pe r iod ic ,  a s teady  s t a t e  formulat ion i s  being considered i n  ad- 

d i t i o n  t o  an  evolu t ion  equat ion  formulat ion.  F i n a l l y ,  numerical approxima- 
t i o n s  are being developed so that s i m u l a t e d  resu l t s  can be compared with those 

obtained experimental ly  

Fumio Kojha 

We continue t o  i n v e s t i g a t e  the  parameter i d e n t i f i c a t i o n  technique f o r  

boundary va lue  problems and s t o c h a s t i c  d i s t r i b u t e d  parameter systems. For the  

d e t e r m i n i s t i c  case our recent  i n t e r e s t  is concerned with the  output  l e a s t  

square i d e n t i f i c a t i o n  f o r  the  i n t e g r a l  equat ion  on the  boundary curve.  This 

framework covers  va r ious  types of p r a c t i c a l  a p p l i c a t i o n  t o  optimal shape de- 

s i g n ,  nondes t ruc t ive  eva lua t ion  methods , o i l  r e s e r v o i r  problems, e t c .  Our 

purpose is t o  develop an e f f i c i e n t  e s t ima t ion  algori thm f o r  i d e n t i f y i n g  

boundary parameters which c h a r a c t e r i z e  t h e  geometr ical  s t r u c t u r e  of t h e  

boundary and/or t h e  boundary condi t ion  of the system. We proposed one f e a s i -  

b l e  parameter e s t ima t ion  algori thm by us ing  c o l l o c a t i o n  methods wi th  s p l i n e  

func t ions  of even degree.  Based on t h e  f i n i t e  element approximation on t h e  

boundary curve , we approximate a boundary i n t e g r a l  equat ion by a c o l l o c a t i o n  

equat ion f o r  even-order s p l i n e s  as  t r i a l  func t ions .  Our i d e n t i f i c a t i o n  prob- 

l e m  i s  t o  f i n d  the optimal parameter which mfnimizes the  output  least  square 

func t iona l  sub jec t  t o  the  spline-based c o l l o c a t i o n  equat ion with the  corre- 
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sponding parameters. We developed the  op t imiza t ion  a lgor i thm f o r  so lv ing  t h i s  

problem, provided with t h e  t h e o r e t i c a l  convergence property.  For t h e  
s t o c h a s t i c  case, we a r e  continuing our e f f o r t s  t o  develop t h e  i d e n t i f i c a t i o n  

a lgor i thm of s t o c h a s t i c  d i s t r i b u t e d  parameter systems based on the  maximum 

l i k e l i h o o d  and maximum a p o s t e r i o r i  e s t ima to r .  

W. D. Lakin 

A key element i n  t h e  des ign  of v i a b l e  a i r f rame-ro tor  s t r u c t u r e s  f o r  he l i -  

c o p t e r s  i s  proper t rea tment  of modal damping. Attempts t o  a s s e s s  modal damp- 

i n g  usua l ly  involve  t e s t s  i n  which fo rc ing  is appl ied  t o  t h e  s t r u c t u r e  a t  

s p e c i f i e d  po in t s  while t he  responses a re  measured a t  o ther  known l o c a t i o n s .  

In theory ,  t h e  forced  responses can be b u i l t  up through use of modal super- 

pos i t i on .  Previous d e s c r i p t i o n s  used i n  t h i s  context have assumed uniform 

modal damping c o e f f i c i e n t s .  However, r ecen t  work has shown t h a t  a d j u s t i n g  the  

modal damping c o e f f i c i e n t s  of a r e l a t i v e l y  small number of modes can produce 

c loser"  agreement between predic ted  and observed forced responses.  The pre- 

s e n t  work seeks t o  provide a firm b a s i s  f o r  de te rmina t ion  of r e a l i s t i c  modal 

damping c o e f f i c i e n t s .  Questions being addressed include t h e  proper format of 

t h e  inpu t  d a t a ,  t h e  appropr i a t e  r e s i d u a l  t o  be used i n  t h e  f i t t i n g  p rocess ,  as 

we l l  as  a c o n s i s t e n t  form of t h e  f i t t i n g  process i t s e l f .  This work is  being 
c a r r i e d  o u t  j o i n t l y  w i t h  D r .  R. .Kvatern ik  (Low-Speed Aerodynamics Div is ion ,  

LaRC) . 

I1 

a t i s  C. E. Ma 

Research is being done on a new adap t ive  c o n t r o l  idea  f o r  t he  c o n t r o l  of 

p l a n t s  t h a t  perform t a s k s  r e p e t i t i v e l y .  In s t ead  of making the  c o n t r o l  system 

adapt during the  performance of a t a s k ,  t h e  adap ta t ion  is done between t h e  

r e p e t i t i v e  t a s k s  i n  t h i s  idea .  Fu r the r ,  no parameters are  adapted, but r a t h e r  

t h e  c o n t r o l  s i g n a l  r equ i r ed  f o r  improved performance is  computed d i r e c t l y  from 

knowledge of t h e  impulse response of t he  p l an t  and the  system e r r o r .  I n i t i a l  
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computer s imula t ion  r e s u l t s  show t h a t  such con t ro l  methodology has the  poten- 

t i a l  t o  take care  of problems assoc ia ted  with the  common s a t u r a t i o n  and dead- 

band n o n l i n e a r i t i e s  q u i t e  w l l .  

Nessan Mac Giolla Ehuiris 

An a t t r a c t i n g  set f o r  a dynamical system is a region i n  phase space which 

" a t t r a c t s "  nearby i n i t i a l  condi t ions  Any o r b i t  s t a r t e d  i n  the  neighborhood 

of such a s e t ,  A, w i l l  evolve towards it and not leave  A t h e r e a f t e r .  A t -  

t r a c t i n g  sets f o r  d i s s i p a t i v e  systems have dimensions which a r e  less than  

those  of the phase space as a whole and, as they even tua l ly  t r a p  a l l  i n i t i a l  

condi t ions ,  i t  is t h e i r  cha rac t e r  which governs the  long term, asymptotic be- 

havior  of the  system. Recently,  examples have been found of some remarkable 

a t t r a c t o r s .  These s t r a n g e  a t t r a c t o r s  are cha rac t e r i zed  by the  f a c t  t h a t  01- 

b i t s  i n  them, which a t  some time l i e  i n f i n i t e l y  c l o s e  toge the r ,  d iverge  from 

each o t h e r  a t  an exponent ia l  rate and become uncorre la ted  i n  a f i n i t e  t i m e .  

In e f f e c t  t h i s  prec ludes  q u a n t i t a t i v e  p r e d i c t i o n s  of the  behavior of individu- 

a l  o r b i t s  f o r  a l l  bu t  t he  b r i e f e s t  times. Such behavior ,  termed s e n s i t i v e  

dependence on i n i t i a l  cond i t ions ,  must be present  i f  the  system is t o  be con- 

s ide red  chaot ic .  

Many f i n i t e  dimensional flows a re  now known t o  have t h i s  s e n s i t i v e  de- 

pendence on i n i t i a l  cond i t ions ,  and i t  has  been conjectured t h a t  t h e  appear- 

ance of s t range  a t t r a c t o r s  are respons ib le  f o r  t he  evolu t ion  of t u rbu len t  

f l u i d s  flows from t h e i r  laminar precursors .  A s tudy  i s  underway t o  address  

t h i s  conjec ture .  The r a t e s  a t  which nearby o r b i t s  d iverge  or  converge f o r  a 

given vec tor  f i e l d  is termed the Lyapunov spectrum of t h e  flow. A s t r a n g e  

a t t r a c t o r  must have a t  l e a s t  one p o s i t i v e  and one negat ive  Lyapunov ex- 

ponent. A new method of measuring these  exponents f o r  the  incompressible  

Navier-Stokes equat ions has been formulated.  This method is capable of 

measuring both p o s i t i v e  and negat ive exponents. Curren t ly  i t  i s  being appl ied 

t o  t h e  case of s p a t i a l l y  pe r iod ic  flows i n  both two and th ree  dimensions. 
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Messan Mac Giolla muiris  and Yousuff tZussaini 

There have been many advances made i n  our  understanding of t h e  mechanisms 

of  t r a n s i t i o n  f o r  flows i n  f l a t  p l a t e  boundary l a y e r s ,  e t c .  As yet  however 

t h e r e  has been l i t t l e  progress  made i n t o  the  t r a n s i t i o n  problem f o r  flows i n  

p ipes  of c i r c u l a r  c ros s  sec t ion .  For t h i s  r a t h e r  fundamental case i t  is be- 

l i e v e d  t h a t  t he  important  mechanisms a r e  f u l l y  nonl inear  and t h r e e  dimensional 

i n  na ture .  This has meant t h a t  u n t i l  r e c e n t l y  numerical s imula t ions  could not 

hope t o  reproduce the  necessary  effects’ .  We hope t o  u t i l i z e  the Cray I1 

supercomputer i n  the  NASA Ames research  f a c i l i t y  t o  c a r r y  ou t  a s p e c t r a l l y  

accu ra t e  s imula t ion  of t hese  flows. 

Mmitri Ikvriplis 

Work is cont inuing on the  use of uns t ruc tured  meshes f o r  so lv ing  the  

s teady  s ta te  Euler  equat ions  about complex conf igura t ions .  In  p a r t i c u l a r ,  

r e sea rch  is being focused on t h e  simultaneous use  of adapt ive  meshing tech- 

niques and mul t ig r id  methods. 

W o  approaches a r e  being pursued. In t h e  f i r s t  approach, t h e  flow solu- 

t i o n  i s  computed i n i t i a l l y  on a coarse mesh. The s o l u t i o n  f i e l d  can then  be 

used as a weighting func t ion  f o r  adding and/or r epos i t i on ing  poin ts  i n  o rde r  

t o  genera te  a new f i n e r  mesh. The r e s u l t i n g  coarse and f i n e  meshes a r e  i n  
general not nes ted ,  nor  do they have any co inc ident  po in ts .  An uns t ruc tured  

mul t ig r id  a lgori thm is  then used t o  a c c e l e r a t e  the  convergence of the  s o l u t i o n  

on the  new f i n e r  mesh, employing the  previous meshes a s  background coarse  

g r id .  This a lgori thm assumes t h e  va r ious  g r i d s  of t he  sequence t o  be com- 

p l e t e l y  independent from one another .  The p a t t e r n s  f o r  t r a n s f e r r i n g  v a r i a b l e s  

back and f o r t h  between these  g r i d s  are  determined us ing  an e f f i c i e n t  t ree  

sea rch  algorithm t o  r a p i d l y  i d e n t i f y  reg ions  of overlap between coarse  and 

f i n e  g r i d  c e l l s .  This  procedure may be continued us ing  add i t iona l  f i n e  mesh 

l e v e l s ,  u n t i l  t he  d e s i r e d  s o l u t i o n  accuracy i s  obtained.  In p r a c t i c e ,  up t o  

s i x  mesh l e v e l s  have been employed. Prel iminary r e s u l t s  of t h i s  work were 

presented  a t  t he  Third Copper Mountain Mult igr id  Conference i n  Apri l  1987. 

Fu r the r  refinements of t he  method and new r e s u l t s  are t o  be presented a t  t he  

Nat ional  Fluid Dynamics Conference (NFOC) i n  Cinc inna t i  i n  J u l y  1988. 
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The o the r  approach being pursued is i n  the  prel iminary development 

s t age .  As an a l t e r n a t i v e  t o  completely remeshing the  e n t i r e  domain a t  each 

new l e v e l ,  t h i s  approach at tempts  t o  remesh l o c a l l y ,  i n  e f f e c t  c r e a t i n g  re- 

f i ned  zonal meshes. I f  a delaunay t r i a n g u l a t i o n  i s  used t o  genera te  an un- 

s t r u c t u r e d  t r i a n g u l a r  mesh, mesh refinement can proceed by adding new po in t s  

s e q u e n t i a l l y ,  and r e s t r u c t u r i n g  the  mesh i n  the region surrounding each newly 

introduced point .  By keeping t r ack  of the boundaries of the l o c a l l y  res t ruc-  

t u red  regions as a new s e t  of po in ts  a re  added throughout the  domain, new 

l o c a l l y  re f ined  convex regions can au tomat ica l ly  be def ined ,  t he  complement of 

which represents  the reg ions  of the  domain unaffected by the refinement proce- 

dure.  The mul t ig r id  a lgori thm can then  proceed, using the newly def ined  zonal 

meshes as the  f i n e  g r i d  and the previous unref ined mesh as  the  background 

coarse  mesh. 

Piyush mhrotra and John Van Ibsendale 

In  the  l a s t  s i x  months, we have been cont inuing the development of the 

BLAZE language and program t ransformat ion  system and have a l s o  been working on 

in t e rconnec t ion  networks. Experimental BLAZE compilers  have been b u i l t  f o r  

s eve ra l  machines, inc luding  the Sequent, A l l i a n t ,  and IBM RP3. We have been 

working t o  def ine  a successor  language, BLAZE 2, which w i l l  be more express ive  

than BLAZE and w i l l  a l s o  remedy v a r i o u s  minor de fec t s .  We have a l s o  been 

looking a t  t h e  problem of designing programming environments f o r  non-shared 

memory a r c h i t e c t u r e s .  

The p a r a l l e l  language BLAZE 2, whose design is nea r ly  complete, w i l l  d i f -  

f e r  from BLAZE i n  seve ra l  ways. The g r e a t e s t  d i f f e r e n c e  is t h a t  i t  w i l l  be 

object-or iented The object-or iented paradigm provides an e legant  way t o  in- 

c lude  " s t a t e "  i n  BLAZE and a l s o  provides a c l ean  approach t o  type polymorphism 

and da ta  abs t r ac t ion .  'the goal  here i s  t o  c r e a t e  a language which can be 

mapped t o  (shared memory) mul t iprocessors  by a r e s t r u c t u r i n g  compiler, while 

providing the expressiveness  of modern languages l i k e  CLU and Ada. 

We have a l s o  been looking a t  t he  more d i f f i c u l t  problem of designing a 

programming language or  environment f o r  non-shared memory machines. Recent 



work on BLAZE showed t h a t  many n a t u r a l l y  occurr ing p a r a l l e l  loops can be auto- 

m a t i c a l l y  transformed f o r  execut ion on non-shared memory a r c h i t e c t u r e s .  We 

a r e  i n  the process  of de f in ing  a BLAZE-like language, Hyper, which w i l l  ex- 

p l o i t  t h i s  i dea ,  i n  order  t o  a l low programmers t o  write many a lgor i thms a t  a 

h igh- leve l ,  leaving the  low-level t a sk ing  and message passing d e t a i l s  t o  the  

compiler.  However, Hyper w i l l  a l s o  provide low-level message-passing con- 

s t r u c t s  allowing the  programmer t o  f u l l y  e x p l o i t  the  a r c h i t e c t u r e  on algo- 

r i thms which a re  too  complex f o r  automatic' program transformation.  

The o the r  t o p i c  we have been working on is  in t e rconnec t ion  networks. Syn- 

chronized packet in te rconnec t ion  networks a r e  a new c l a s s  of networks provid- 

i n g  a number of unique c a p a b i l i t i e s .  One of these  is the  a b i l i t y  t o  support  

a r c h i t e c t u r a l  he te rogenei ty .  With t h i s  type of network, one can c r e a t e  

"ports" having d i f f e r i n g  communciations bandwidths, so  t h a t  a r c h i t e c t u r a l  

modules having widely d i f f e r i n g  communications requirements,  can be a t tached  

t o  the  same network, There a r e  a l s o  i n t e r e s t i n g  a p p l i c a t i o n s  of t hese  t o  vec- 

t o r  mul t iprocessors ,  s i n c e  such networks would al low processors  t o  access vec- 

t o r s  d i s t r i b u t e d  a c r o s s  memory, without t he  vec to r  derangement normally caused 

by t h e  use of packet-switched networks. 

David Mddleton 

In  order  t o  e x p l o i t  l a r g e  amounts of p a r a l l e l i s m  i n  an a p p l i c a t i o n ,  t h a t  

p a r a l l e l i s m  needs t o  be a t  a low l eve l .  The e f f e c t i v e n e s s  of f ine-grained 

p a r a l l e l i s m  is o f t e n  impaired when appl ied  t o  genera l  problems because of d i f -  

f i c u l t i e s  t h a t  a r i s e  i n  a r e a s  such a s  communication, conten t ion ,  and synchro- 

n i za t ion .  Research underway involves  va r ious  aspec ts  of e f f e c t i v e l y  exp lo i t -  

ing  f i ne-grai ned gene ral-purpose para l le l  i s m .  

Work i s  cont inuing with Professor  Mag6 and h i s  r e sea rch  team a t  t h e  Uni- 

v e r s i t y  of North Caro l ina  t o  r e f i n e  p a r t s  of the  communication system of t h e  

FFP machine t o  support  va r ious  p a r a l l e l  p r e f i x  opera t ions  without i n t e r f e r i n g  

with the rapid p i p e l i n i n g  assoc ia ted  with the  network's c i r c u i t  switched 

ope r a t  ion  , 
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A c o l l a b o r a t i v e  e f f o r t  with Bruce Smith a t  t h e  Univers i ty  of North 

Carol ina has been s tudying f ine-grained implementations of the OPS5 product ion 

system language. Common b e l i e f  i s  t h a t  p a r a l l e l i s m  can a c c e l e r a t e  t h e  major- 

i t y  of OPS programs by a f a c t o r  of about ten.  The system which we have de- 

veloped fo r  the  FFP machine appears t o  provide s i g n i f i c a n t l y  b e t t e r  perform- 

ance than t h a t :  a l though no f a c t o r s  have ye t  been found t o  suggest t h a t  t h e  

p a r a l l e l i s m  a v a i l a b l e  wi th in  the  RETE algori thm cannot be explo i ted  success- 

f u l l y ,  f u r t h e r  s imula t ion  i s  required.  

A s tudy  of the  a d d i t i o n  of l o c a l  i n d i r e c t  addressing t o  SIMD machines i s  

underway. Conventionally,  each processor  i n  an SIMD machine i s  constrained t o  

use the  same memory address  f o r  i t s  operand i n  the  g l o b a l l y  broadcast  ins t ruc-  

t i o n .  The j u s t i f i c a t i o n  f o r  t h i s  i s  t h e  expense i n  hardware resources  of pro- 

v id ing  each processor  with i t s  own address  decoding log ic .  While t h i s  is 
appropr i a t e  f o r  graphics and image processing machines such as  the MPP and 

Pixel-Planes , i t  appears t h a t  SIMD machines ta rge ted  towards more general 

opera t ions  ( o r  perhaps,  graph-based opera t ions)  seem t o  be seve re ly  l i m i t e d  by 

t h i s  r e s t r i c t i o n .  (The Connection Machine seems t o  be e f f e c t i v e l y  more power- 

f u l  than  the MPP f o r  c e r t a i n  computations.)  The processors  i n  SIMD machines 

not  s t r o n g l y  r e s t r i c t e d  t o  s p e c i f i c  problems have shown an h i s t o r i c a l  tendency 

t o  grow i n  s i z e  as time passes ;  f o r  example, p rocessors  f o r  Non-Von and 

general-purpose s y s t o l i c  a r r a y s  have gained c e r t a i n  degrees of independence i n  

i n s t r u c t i o n  execut ion and the  Connection Machine processors  have grown i n  

memory s i z e  by a f a c t o r  of 32. In t h e  l i g h t  of such expansions,  t h e  add i t ion  

of l o c a l  address  decoding should not  be d iscarded  out  of hand. 

Vijay K. Naik 

Work i s  cont inuing  towards developing methodologies t h a t  w i l l  c h a r a c t e r i z e  

MIMD a r c h i t e c t u r e s  and quan t i fy  the  a r c h i t e c t u r e  and algori thm dependent pa- 

rameters .  We a r e  concent ra t ing  mostly on problems r e l a t i n g  s c i e n t i f i c  compu- 

t a t i o n s ,  a l though the  p r i n c i p l e s  developed he re  should be app l i cab le  t o  o t h e r  

appropr i a t e  a reas  of p a r a l l e l  processing as  w e l l .  Various e x i s t i n g  as wel l  as 

proposed a r c h i t e c t u r e s  and important a lgori thms are c u r r e n t l y  under inves t iga-  
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t i on .  Archi tec tures  c u r r e n t l y  under cons idera t ion  are shared memory systems 

such as the Sequent and the Encore, message passing systems such as the I n t e l  

hypercube, and systems with both shared and l o c a l  memories such a s  the BBN 

B u t t e r f l y ,  Flex/32, and the TSM RP3. The algori thms f o r  which the da t a  

dependency a n a l y s i s  i s  c a r r i e d  out  inc lude  d i r e c t  methods such Gaussian e l i m i -  

na t ion  based on nested d i s s e c t i o n  order ing ( j o i n t l y  with W r r e l l  P a t r i c k ) ,  and 

i t e r a t i v e  schemes such as Jacobi, Gauss-Siedel, and Mu1 t i g r i d  a lgori thms.  

Solu t ions  of Poisson’s equat ion ,  2-D Navier-Stokes equat ions ,  and the heat  

equat ion  a re  used a s  the  model problems. It i s  hoped t h a t  the  outcome of t h i s  

r e sea rch  w i l l  he lp  towards automating the process of e f f i c i e n t  p a r a l l e l  imple- 

mentations.  

Jlavid If. Nicol 

Tko model problems, a one dimensional f l u i d s  method using dynamic re- 

g r idd ing ,  and a b a t t l e f i e l d  s imulat ion have been implemented on the FLEX/32 

and i n  I n t e l  Hypercube f o r  the purpose of empi r i ca l ly  s tudying dynamic load 

balancing po l i c i e s .  These codes serve  a s  t e s t b e d s  f o r  (1) c e n t r a l i z e d ,  s t a t i c  

“ r i s k  aver t ing”  p o l i c i e s ,  ( 2 )  dynamic scheduling of r i s k  ave r t ing  p o l i c i e s ,  

(3) dynamic remapping of  exac t  balance p o l i c i e s ,  (4) decen t r a l i zed  balancing 

p o l i c i e s .  This r e sea rch  i s  being done with J o e l  S a l t z  and J i m  Townsend (High- 

Speed Aerodynamics D i v i s i o n ,  LaRC). 
Irregular and dynamic s c i e n t i f i c  problems are d i f f i c u l t  t o  map onto  

par  a l l  e l  processors  opt imal ly .  This  r e sea rch  (wi th  Joe l  S a l t z  and 

David O’Halloran (General Electric))  explores  our a b i l i t y  t o  f ind  polynomial- 

t i m e  mapping algori thms f o r  constrained problem c l a s ses .  

In  co l l abora t ion  with Harold Stone ( I B M ) ,  we are at tempting t o  exp la in  the  

run-time behavior of  backtracking search ,  using the N-Queens problem as a 

mode. Two d i f f e r e n t  methodologies have been developed f o r  e s t ima t ing  the 

number of search  tree nodes v i s i t e d  during a search;  an o p t i m a l i t y  proof f o r  

one model of the “most-constrained” dynamic search  rearrangement s t r a t e g y  has  

a l s o  been cons t ruc ted ,  and the  a n a l y t i c  model has been va l ida t ed  on a v a r i e t y  

of backtracking problems. Fur ther  work w i l l  at tempt t o  extend our a n a l y t i c  

and empir ica l  r e s u l t s .  
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Nerrell L. Patrick 

Development of p a r a l l e l  a lgori thms and corresponding p a r a l l e l  execut ion 

time models f o r  so lv ing  the  genera l ized  eigenvalue problem i s  cont inuing.  

Resul t s  from the models a r e  being used t o  p red ic t  t he  performance of the algo-  

rithms on message passing and shared memory MIMD machines. The p a r a l l e l  a lgo-  

rithms are  being i n t e g r a t e d  i n t o  a s t r u c t u r a l  a n a l y s i s  system, NICE/SPAR, run- 

ning on the FLEX/32 as a program module used i n  the  dynamic a n a l y s i s  of a 

s t r u c t u r e  i n  motion. Algorithms based on subspace i t e r a t i o n  and Sturm sequen- 

ces have been implemented and t e s t e d  on the FLEX/32 a t  LaRC and a r e  being 

ported t o  the BBN B u t t e r f l y  Mult iprocessor  Computer. E f f o r t s  cont inue t o  

determine the  a lgor i thm of choice f o r  bus-based a r c h i t e c t u r e s ,  such a s  the  

FLEX/32, and switch-based a r c h i t e c t u r e s  such as the But te r f ly .  

In  co l l abora t ion  with R. Voigt and M. Jones,  a comparative s tudy of pa ra l -  
lel programming environments available on the FLEX/32 system a t  NASA Langley 

was commenced. The purpose of the  s tudy  is t o  measure and compare the per- 

formance penal ty  a s soc ia t ed  with the  d i f f e r e n t  environment. The i n i t i a l  phase 

involved the  implementation of Cholesky's method us ing  Concurrent FORTRAN sup- 

p l i e d  by F lex ib l e  Computing Corporat ion,  t h e  "force" developed by 

Harry Jordan, and PISCES developed by Terry P r a t t .  Both l o c a l  and g loba l  

memory vers ions  of the  method were programmed i n  each environment. Prelimi- 

nary  r e s u l t s  i n d i c a t e  t h a t  FORCE and PISCES ve r s ions  perform b e t t e r  than  

Concurrent FORTRAN ve r s ions .  Plans c a l l  f o r  t he  add i t ion  of Schedule 

developed by D. Sorenson (Argonne National Laboratory) and Blaze developed by 

D. Gannon, P. Mehrotra,  and J. Van Rosendale t o  the  l i s t  of environments 

s tud ied  . 
P a r a l l e l  execut ion t ime models developed with L. Adams and D. Reed t o  

determine optimal s t e n c i l / p a r t i t i o n  p a i r s  f o r  so lv ing  e l l i p t i c  p a r t i a l  d i f -  

f e r e n t i a l  equat ions on MIMD machines a r e  being extended t o  inc lude  t h e  impact 

of input /output  on performance. From the  inpu t /ou tpu t  perspec t ive ,  t h e r e  a r e  

s e v e r a l  important i s s u e s ,  such a s ,  number and s i z e  of 1/0 dev ices ,  number of 

1/0 devices  versus  the  number of processors ,  1/0 device placement, I / O  device  

d a t e  mapping and da ta  balancing based on changes i n  demand. Both a n a l y t i c a l  

models and s imula t ion  models a r e  being considered. Analy t ic  and s imula t ion  

r e s u l t s  will be va l ida t ed  using the FLEX/32 a t  LaRC, t h e  BBN B u t t e r f l y  a t  Duke 

and hypercube machines a t  Univers i ty  of I l l i n o i s .  
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Doug Peterson 

A Sun 3/60  monochrome workstat ion with a 71mb d isk  has been added t o  the  

ICASE computing environment, br inging the  t o t a l  number of workstat ions t o  f i f -  

t een .  The new w r k s t a t i o n  is  connected t o  the f i l e  s e rve r  v i a  e t h e r n e t ,  and 

accesses  system f i l e s  us ing  Sun's Network F i l e  System. A second laser p r in t -  

e r ,  f u n c t i o n a l l y  i d e n t i c a l  t o  the  f i r s t ,  has  been i n s t a l l e d .  As a re  a l l  

p r i n t e r s ,  i t  i s  connected t o  the  f i l e  s e r v e r ,  and access ib l e  from any work- 

s t a t i o n .  Release 3.4 of Sun Microsystems' opera t ing  system has been i n s t a l l e d  

and is  performing s a t i s f a c t o r i l y .  

The Macintosh has been connected t o  t h e  Sun f i l e  s e r v e r  using one of the  

s e r i a l  por t s .  The sof tware package "Macterminal ,I1 i n t e r a c t i n g  wi th  "Xmodem" 

provides  both i n t e r a c t i v e  and f i l e  t r a n s f e r  c a p a b i l i t i e s  a t  da t a  rates up t o  

9600 baud. 

Addi t iona l  bu i ld ing  wir ing was i n s t a l l e d  t o  provide d i r e c t  MICOM access  

from temporary o f f i c e  space i n  a t r a i l e r  during the  summer months. The M I C O M  

connections were made through e x i s t i n g  mul i tp lexer  u n i t s  i n  t h e  ICASE Computer 

Room Patch Panel,  thus  e l imina t ing  the  need t o  procure a d d i t i o n a l  equipment. 

Although wiring d i s t a n c e s  were i n  excess of 200 f e e t ,  s tandard  telephone 

twis ted  p a i r  connections u t i l i z i n g  RS232 protocol  proved t o  be v i r t u a l l y  

noise-free.  

The l o c a l l y  prepared document "Computing a t  ICASE" has been rev ised  t o  re- 

f l e c t  changes i n  the ICASE computing environment. Except f o r  graphics ,  t h i s  

document was prepared on the Sun using a v a i l a b l e  U N I X  e d i t o r s  and document 

format te rs .  As i n  t he  p a s t ,  t h e  graphics  were done us ing  a Macintosh with 

Macdraft ,  bu t  t h i s  time t h e  drawings were t r a n s f e r r e d  t o  the  Sun and converted 

t o  Pos tScr ip t  f i l e s  f o r  p r i n t i n g  on a laser  p r i n t e r .  This was accomplished 

us ing  a procedure t o  inc lude  the  Macdraft f i l e s  i n  TeX f i l e s .  

The e f f o r t  t o  upgrade the  document publ i sh ing  c a p a b i l i t i e s  a t  ICASE con- 

t i n u e s .  Systems being evaluated include WYSIWYG systems, word processors ,  and 

t e x t  e d i t o r s  i n  conjunct ion with document format te rs .  The goal  of t h i s  e f f o r t  

i s  t o  provide a complete document p repa ra t ion  and publ i sh ing  system capable of 

i n t e g r a t i n g  t e x t ,  mathematical  equat ions ,  and graphics  from a wide range of 

i n p u t  formats ,  i nc lud ing  hand-written rough d r a f t s  and those prepared a t  o the r  

s i tes  and t r ansmi t t ed  t o  ICASE e l e c t r o n i c a l l y .  Addi t iona l ly ,  the  system 
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should be ab le  t o  support  s e v e r a l  ou tput  formats f o r  e l e c t r o n i c  t ransmission 

t o  t echn ica l  j ou rna l s .  Products from s e v e r a l  vendors have been evaluated in- 

house. Some have d e f i c i e n c i e s  i n  a reas  of compa t ib i l i t y  with e x i s t i n g  sytems; 

o the r  products l ack  mature c a p a b i l i t i e s  i n  c e r t a i n  areas. 

ICASE cont inues t o  p a r t i c i p a t e  i n  t h e  development and opera t ion  of a 

center-wide TCP/IP network a t  Langley, with the Sun f i l e  s e rve r  playing a key 

r o l e .  EASE has provided t echn ica l  support  through consu l t a t ion  i n  a l l  as- 

pec t s  of U N I X  inc luding  network des ign ,  management i s s u e s ,  communications pro- 

t o c o l s ,  I P  i n t e r n e t  address ing ,  es tab l i shment  of r e l i a b l e  e l e c t r o n i c  mail ,  

u s e r  t r a i n i n g ,  and system adminis t ra t ion .  

ICASE i s  p a r t i c i p a t i n g  i n  t h e  development of ex tens ions  t o  the  IEEE 1003.1 

Trial-Use POSIX s tandard  concerning supercomputers. To da te  t h i s  p a r t i c i p a -  

t i o n  has included a t tendance  a t  /us r /group committee meetings,  b r i e f i n g s  of 

Langley Management and recommendations f o r  additional Langley p a r t i c i p a t i o n .  

Terrence W. Pratt 

The PISCES 2 p a r a l l e l  programming environment has been s u c c e s s f u l l y  in- 

s t a l l e d  on the NASA FLEX/32 p a r a l l e l  computer. The design of t he  system and 

d i r e c t i o n s  f o r  i ts  use  are descr ibed i n  two recent  ICASE r e p o r t s .  

Performance measurements of t he  system a r e  being made, i n  p repa ra t ion  f o r  

performance tun ing  and t o  b e t t e r  understand the  e f f e c t  on performance of the  

v i r t u a l  machine provided by the  PISCES 2 software.  Univers i ty  of V i rg in i a  

s tudent  Robert M. Wise has programmed i n  P isces  For t r an  the  16 problems pro- 

posed by Professor  John Rice of Purdue i n  1985. These problems form a u s e f u l  

t e s t  s u i t e  t h a t  has been programmed a l r eady  f o r  t h e  FLEX and o t h e r  p a r a l l e l  

machines i n  va r ious  forms of " p a r a l l e l  FORTRAN." 

A PISCES ve r s ion  of the  NASA NICESPAR t e s tbed  is being implemented on the  

FLEX/32. We wish t o  understand the  d i f f i c u l t i e s  involved i n  moving l a r g e  ex- 

i s t i n g  Fortran-based codes t o  p a r a l l e l  machines, and a l s o  we wish t o  under- 

s tand  the  prospec ts  f o r  performance improvement i n  p a r a l l e l  ve r s ions  of such 

l a r g e  codes. The PISCES ve r s ion  of NICESPAR involves  a minimal s e t  of changes 

t o  the  NICESPAR code, mainly a t  the  t o p  level--module and command-language. 
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These changes implement the  e x i s t i n g  NICESPAR modules as PISCES t a s k s  t h a t  

communicate v i a  messages. Synchronization i s  through reques ts  f o r  d a t a  base 

access ,  based on dependencies among the  d a t a  sets requested from the  d a t a  base 

by d i f f e r e n t  modules. 

Peter Protzel 

Current research  i n  t h e  a rea  of r e l i a b i l i t y  of computing systems is per- 

formed i n  two d i f f e r e n t  d i r e c t i o n s  which inc lude  both hardware and sof tware  

r e l i a b i l i t y .  The f i r s t  p r o j e c t  is concerned with a hardware r e l i a b i l i t y  

a n a l y s i s  of the In t eg ra t ed  Airframe/Propulsion System Archi tec ture  (IAPSA) as 

a n  app l i ca t ion  of the Advanced Information Processing System (AIPS). The ob- 

j e c t i v e s  of the IAPSA program a r e  t h e  development of concepts f o r  i n t e g r a t e d  

a i r c r a f t  con t ro l  and the  development of methods f o r  p reva l ida t ion  of t he  sys- 

tem d e f i n i t i o n .  The IAPSA r e l i a b i l i t y  a n a l y s i s  i s  performed i n  coopera t ion  

with J. Sjogren and D. Palumbo (Information Systems Divis ion,  LaRC) i n  o rde r  

t o  eva lua te  i f  t he  s t r i n g e n t  r e l i a b i l i t y  requirements f o r  f l i g h t  c r i t i c a l  sys- 

tems can be m e t  by the  pre l iminary  design concept and t o  i d e n t i f y  poss ib l e  

des ign  d e f i c i e n c i e s .  Because the complexity of t he  system prevents  a 

s t r a igh t fo rward  s o l u t i o n  by known methods, t h e  main research  i s sue  i s  the  de- 

velopment of appropr i a t e  decomposition techniques and their combination with 

existing reliability a n a l y s i s  tools. 

Another research  e f f o r t  a t  LaRC is  the  s tudy of the sof tware r e l i a b i l i t y  

of s e v e r a l  vers ions  i n  a mult i -vers ion experiment with t h e  "launch i n t e r -  

ceptor" program as a model problem. By using t h i s  environment, a new experi-  

ment was o r ig ina t ed  i n  cooperat ion with E. Mignealut (Information Systems 

Divis ion ,  LaRC) i n  order  t o  s tudy t h e  f e a s i b i l i t y  of a self-checking method as  

a new kind of an  acceptance tes t  which is  e n t i r e l y  based on empir ica l  d a t a  

about  the  previous sof tware behavior.  The bas i c  idea  i s  t o  def ine  a t e s t - b i t  

p a t t e r n  wi th in  t h e  a p p l i c a t i o n  sof tware ,  a s  f o r  example c e r t a i n  in t e rmed ia t e  

r e s u l t s  o r  f l a g s ,  which r e f l e c t s  t he  i n t e r n a l  s t a t e  of the program dur ing  exe- 

cu t ion .  Empirical  d a t a  i s  co l l ec t ed  dur ing  program tests by s t o r i n g  t h e  

va lues  and the  frequency of the t e s t - b i t  p a t t e r n  which have occurred under t h e  
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normal ( f a u l t - f r e e )  program operat ion.  Af t e r  r e l eas ing  the sof tware,  t h i s  in- 

formation can be used a s  a self-check i n  which f o r  each run, the observed pat- 

t e r n  i s  compared t o  the  s to red  da ta .  If the observed p a t t e r n  has never 

occurred before ,  t h i s  corresponds e i t h e r  t o  a software e r r o r  or  t o  a c o r r e c t ,  

bu t  very  unusual,  new event .  In e i t h e r  case ,  t h i s  should r e s u l t  i n  producing 

a "warning" message a s  an i n d i c a t o r  of a dubious output .  

The f i r s t  s t e p  of t h i s  experiment was the d e f i n i t i o n  of such a t e s t - b i t  

p a t t e r n  wi th in  the  launch i n t e r c e p t o r  program and the c o l l e c t i o n  of da t a  by 

running d i f f e r e n t  numbers of t e s t  cases .  Prel iminary r e s u l t s  show t h a t  i n  one 

m i l l i o n  t e s t  cases  only 208 d i f f e r e n t  p a t t e r n s  out  of 65536 poss ib le  p a t t e r n s  

have occurred. The next s t e p  is t o  run program vers ions  with known software 

e r r o r s  i n  order  t o  i n v e s t i g a t e  a c o r r e l a t i o n  between these  e r r o r s  and the  pro- 

d uc ed t e s t -  p a t t e r n s  . 
Other a c t i v i t i e s  inc lude  the  prepara t ion  of a pub l i ca t ion  about the ava i l -  

a b i l i t y  of degradable systems with h i e r a r c h i c a l  s t r u c t u r e  which was p a r t  of 

p rev ious  research  conducted a t  t h e  Technical Univers i ty  of Braunschweig , West 

Ge rmany . 

Joel H, Saltz and David Nicol 

Many problems a re  cha rac t e r i zed  by a h igh  degree of p o t e n t i a l  da t a  l e v e l  

pa ra l l e l i sm.  Crys t a l  is a very high l e v e l  machine independent func t iona l  

language t h a t  enables  the  use r  t o  spec i fy  p a r a l l e l  a lgori thms.  This language 

provides an  easy t o  use n o t a t i o n  al lowing d i r e c t  mathematical s p e c i f i c a t i o n  of 

a problem. It is  not only easy t o  use,  bu t  i t  a l s o  conta ins  more information 

f o r  p a r a l l e l i z a t i o n  than would a s p e c i f i c a t i o n  w r i t t e n  i n  a conventional pro- 

gramming language. 

When da ta  dependencies are s p e c i f i e d  by the  program, t h e  Crys t a l  compiler 

can e x t r a c t  the paral le l ism inhe ren t  i n  the  algorithm. I n  many cases ,  work- 

loads  cannot be f u l l y  cha rac t e r i zed  during compilation due t o  d a t a  dependen- 

cies t h a t  become manifest  only a t  runtime. In  these  cases ,  we must u t i l i z e  

methods appl ied during the program's execut ion t o  p a r a l l e l i z e  the  w x k  speci-  

f i e d  by the  program. 
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Three b a s i c  runtime aggregat ion s t r a t e g i e s  are c u r r e n t l y  being pursued. 

When the  use r  d e s i r e s ,  we a l low the  s p e c i f i c a t i o n  of an e x p l i c i t  h igh  l e v e l  

s t r a t e g y .  We a r e  a l s o  developing a v a r i e t y  of ( \ m  automated} runtime aggrega- 

t i o n  s t r a t e g i e s .  Some of t hese  make i m p l i c i t  use of the  s u b s t a n t i a l  degree of 

r e g u l a r i t y  o f t e n  present  i n  many problems. Others do not  depend on the  e r  

i s t e n c e  of any p a r t i c u l a r  p a t t e r n  of d a t a  dependencies. All of these  strate- 

g i e s  are  gene ra l ly  parameterized so t h a t  t h e  g r a n u l a r i t y  can be s p e c i f i e d  i n  a 

s t r a igh t fo rward ,  machine independent manner. 

Experimental work t o  c h a r a c t e r i z e  aggregat ion s t r a t e g i e s  has  been per- 

formed on the  Encore Multimax, t h e  Flex/32, and the  I n t e l  iPSC. The problems 

examined were q u i t e  r e a l i s t i c .  We u t i l i z e d  a t i m e  d r iven  d i s c r e t e  event  simu- 

l a t i o n ,  a f l u i d  dynamics s imula t ion  code employing an adapt ive  mesh, and codes 

t h a t  p a r a l l e l i z e d  the  s o l u t i o n  t o  very spa r se  t r i a n g u l a r  systems of l i n e a r  

equat ions.  Methods of ob ta in ing  parameterized t radeoff  s between load balance 

and the  c o s t s  of synchroniza t ion  and/or communication were proposed and test-  

ed ,  and methods of schedul ing problem mappings =re inves t iga t ed .  Much of 

t h i s  work has  been r e c e n t l y  reported i n  ICASE Reports 87-22, 87-39, and 87- 

52. We a r e  now i n  the  process  of gene ra l i z ing  these  aggregat ion and sche- 

d u l i n g  methods. 

We a r e  a l s o  i n  t h e  process of de f in ing  and cons t ruc t ing  the i n t e r f a c e  

between the Crys t a l  compiler and the runtime system. High l e v e l  u se r  code is 

symbol ica l ly  transformed t o  code t h a t  desc r ibes  the p a r t i t i o n i n g  of i nd ices  t o  

processors  i n  a symbolic manner u s i n g  a n o t a t i o n  involving tup le s .  W e  are 
a b l e  t o  spec i fy  t h i s  p a r t i t i o n i n g  i m p l i c i t l y  a t  compile time by desc r ib ing  the 

p a r t i t i o n i n g  using v a r i a b l e s  t h a t  r ep resen t  (\m p a r t i t i o n  tup le s} ,  t u p l e s  t h a t  

spec i fy  how ind ices  a r e  t o  be aggregated i n t o  computational g ra ins .  A l l  work 

required t o  compute t h e  v a r i a b l e s  ass igned t o  a block is  performed as a u n i t  

on a s i n g l e  processor .  While more than  one processor  may not  sha re  a block, 

s eve ra l  g r a i n s  may be assigned t o  each processor .  

A d i r e c t e d  a c y c l i c  graph desc r ib ing  the pa ra l l e l i sm a v a i l a b l e  is  generated 

when the  program is  executed,  and the conten ts  of t he  p a r t i t i o n  t u p l e s  are  de- 

c ided  using genera l ized  vers ions  of the  aggregat ion s t r a t e g i e s  descr ibed  

above . 
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Paul Saylor 

Two a p p l i c a t i o n s  of Chebycode w i l l  be descr ibed .  Chebycode is  a co l lec-  

t i o n  of rou t ines  assembled by Steve Ashby based on the  algori thms and codes of  

Tom Manteuffel ,  with support  provided by Los Alamos Nat ional  Lab and the  Uni- 

v e r s i t y  of I l l i n o i s ,  Urbana. It is  an  i t e r a t i v e  so lve r  package f o r  t he  solu- 

t i o n  of Ax = b, t h a t  uses  the  power method t o  compute eigenvalues  of A from 

which optimum Chebyshev i t e r a t i o n  parameters a r e  then computed. Computing t h e  

eigenvalues  and then computing the Chebyshev parameters a re  t a sks  t h a t  can be 

separa ted  from the  i t e r a t i o n ,  and toge the r  d e f i n e  the  Manteuffel a lgori thm. 

If Chebycode is used t o  compute eigenvalues  only,  then  it is  the  Manteufel 

a lgori thm f e a t u r e  t h a t  i s  used,  and only t h a t  p a r t  t h a t  uses  the  power method. 

The incompressible flow equat ions  y i e l d  a d i s c r e t i z e d  s e t  of l i n e a r  equa- 

t i o n s ,  Ax = b. For a g r i d  of 32 x 160, A i s  a mat r ix  of 15000 rows with a 

bandwidth of 200. Because of the s m a l l  bandwidth, a vec tor ized  banded d i r e c t  

s o l v e r  i s  p r a c t i c a l .  Therefore  the  s o l u t i o n  of the  l i n e a r  s e t  is only of in- 

c i d e n t a l  i n t e r e s t .  The ma t t e r  of g r e a t  i n t e r e s t  i s  i n  t h e  s t a b i l i t y  of a time 

s t e p  procedure i n  which genera l ized  eigenvalues  with a negat ive r e a l  p a r t  are  

t h e  c u l p r i t s  and have t o  be computed. For a mat r ix  of t h i s  s i z e ,  a f u l l  

e igenvalue r o u t i n e  i s  not  p r a c t i c a l .  The genera l ized  eigenvalue problem is  of 

t h e  form Av = X D v ,  where D i s  a poss ib ly  s i n g u l a r  mat r ix ,  and i t  is the  

e igenvalues  of = D A t h a t  are sought.  The pure form of the  power 

method computes the  eigenvalues  of t he  l a r g e s t  magnitude , which would not 

l i k e l y  be those causing i n s t a b i l i t y .  The power method must be modified,  

i d e a l l y  by Chebyshev polynomials. This i s  p r e c i s e l y  t h e  implementation used-- 

i n  the  d e f a u l t  cal l - - in  Chebycode. I n t e r e s t i n g l y ,  the  convergence t o  eigen- 

va lues  is not a f f e c t e d  i f  mat r ix  is badly condi t ioned ,  That convergence 

i s  determined by how c l o s e  toge the r  t he  extreme eigenvalues  are,  i .e . ,  whether 

they  are sepa ra t ed ,  

-1 

In t h i s  a p p l i c a t i o n ,  t h e  primary o b j e c t i v e  i s  us ing  Chebycode t o  compute 

approximate eigenvalues.  It is i n c i d e n t a l  t h a t  a l i n e a r  system, Ax = b ,  needs 

t o  be solved. Never the less ,  some remarks are appropr i a t e  on t h i s  use of 

Chebycode. There i s ,  however, an  important po in t  t o  make on precondi t ion ing .  

F i r s t ,  it must be noted t h a t  not one but a sequence of matrices occur 

The point  about precondi t ion-  f o r  which one wants t h e  s o l u t i o n  of Aix = bi. 
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known, is not e f f e c t i v e  f o r  the  s o l u t i o n  of pkc = bi, un le s s  mat r ix  pk i s  

preconditioned. Otherwise, i t  simply t akes  too long t o  converge. An obvious 

precondi t ioner  t o  use i s  the  LU decomposition of AI,  which is r o u t i n e l y  

computed i n  the c u r r e n t  numerical processing assoc ia ted  with t h i s  problem. 

This decomposition then  could be t h e  precondi t ioning t o  use i n  so lv ing  systems 

wi th  mat r ices  A2, A3,  ... etc. Eventual ly ,  the  precondi t ioning w i l l  no t  be 

e f f e c t i v e .  It is important t o  have some guidance i n  t h e  i t e r a t i v e  process ,  

such as t h a t  which Chebycode provides ,  t o  keep t h e  i t e r a t i o n  on t r a c k  and make 

i t  converge. 

There i s  a l i n e a r  equat ion  problem a r i s i n g  i n  t h e o r e t i c a l  aerodynamics f o r  

which the  mat r ix  is most ly  of banded s t r u c t u r e  with a few elements o u t s i d e  the  

band. The elements o u t s i d e  t h e  bands may be ignored and a banded f ac to r i za -  

t i o n  used on the  r e s u l t i n g  matrix.  This s e rves  a s  a precondi t ion ing  ma t r ix  

f o r  a n  i t e r a t i o n .  The i t e r a t i o n  t h a t  has been used is Richardson’s method but  

t he  parameters have no t  worked s a t i s f a c t o r i l y .  The problem of computing t h e s e  

f o r  a nonsymmetric mat r ix  is handled au tomat ica l ly  i n  Chebycode, which appears 

s u i t e d  for t h i s  problem. 

It is  proposed t o  f i n d  out  whether an  i t e r a t i v e  so lve r  is  e f f e c t i v e .  To 

do so, one should start  with t h e  d i s c r e t i z e d  equat ion,  se t  up the  Newton s t e p ,  

and apply t h e  i t e r a t i v e  method, with a s u i t a b l e  precondi t ioner  t o  t h e  Newton 

s t e p .  

&-Gang Shih and Shlomo %’asan 

Continuous e f f o r t s  were put i n t o  the  BenBrd convection a n a l y s i s .  Both 

m u l t i l e v e l  v a r i a t i o n a l  method f o r  genera l ized  eigenvalue problems and the R i t z  

p r o j e c t i o n  method m r e  used with l imi t ed  success .  Close ly  spaced eigenvalues  

appear  t o  be the  source t o  be source of d i f f i c u l t y .  
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Charles G. Speziale 

Work is s t i l l  underway on t h e  large-eddy s imula t ion  of homogeneous 

compressible tu rbu len t  f low with simple shea r  i n  co l loba ra t ion  with 

M. Y. FIussaini, T. Zang (High Speed Aerodynamics Branch, LaRC), and 

G. Er lebacher  (High-speed Aerodynamics Branch, LaRC). Reseach has a l s o  been 

conducted on the  development of improved two-equation turbulence models f o r  

incompressible  as w e l l  a s  compressible tu rbu len t  flows. A non l inea r  

K-$ and K-e model, which was r e c e n t l y  developed as a r e s u l t  of t h i s  

r e sea rch  e f f o r t ,  i s  c u r r e n t l y  being appl ied  t o  problems involving the  

propel le r -hul l  i n t e r a c t i o n  i n  naval hydrodynamics (ONR Contract N00014-85-K- 

0238) and t o  the  a n a l y s i s  of supersonic  flow pas t  f i n s  ( i n  co l l abora t ion  with 

M. Y. Hussaini) .  Theore t i ca l  work on h e l i c i t y  and the energy cascade i n  in-  

compressible tu rbu len t  flows has a l s o  been conducted. It has  been proven 
mathematically t h a t ,  con t r a ry  t o  previous specula t ions  t h a t  have been made i n  

the  l i t e ra ture ,  t h e r e  i s  no d i r e c t  connection between regions of high h e l i c i t y  

and regions of l o w  d i s s i p a t i o n .  This t h e o r e t i c a l  r e s u l t  i s  cons i s t en t  with 

t h e  r e s u l t s  of d i r e c t  numerical s imula t ions  of homogeneous turbulen t  flows 

conducted r ecen t ly  a t  NASA Ames. 

Shlomo Ta'asan 

Research is being conducted i n  developing mul t igr id  methods f o r  bifurca-  

t i o n  problems and i d e n t i f i c a t i o n  problems. In  the  f i r s t  s u b j e c t ,  the  focus i s  

on b i f u r c a t i o n  f o r  non-symmetric problems. Recent ly  r e sea rch  on the  symmetric 

case has  been completed ( see  ICASE Report No. 87-40). Extension of the  tech- 

niques presented the re  f o r  the  non-symmetric case is  under development. More- 

over ,  some new ques t ions  l i k e  the  e f f i c i e n t  computation of Hopf b i f u r c a t i o n  

po in t s  and f a s t  c a l c u l a t i o n  of branches of pe r iod ic  s o l u t i o n  a r e  under 

s tudy.  When these  techniques a r e  developed a poss ib l e  a p p l i c a t i o n  on which 

they  may be demonstrated is a "vortex breakdown" s imulat ion (which was the 

o r i g i n a l  motivat ion f o r  t h i s  research) .  

In  the  o the r  d i r e c t i o n  of research  the focus is on problems a r i s i n g  i n  

Thermal Non-Destructive Evaluation. Here one is  i n t e r e s t e d  i n  e s t ima t ing  
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flaws i n  m a t e r i a l s  from observa t ion  of temperature  maps of the  o b j e c t  t o  be 

considered.  Modelling has been developed i n  the  f i r s t  s t a g e  of the  re- 

search.  The e f f i c i e n t  numerical s o l u t i o n  of t h e  minimization problems t h a t  

were constructed i n  t h e  modelling s t age  is under study. The techniques w i l l  

be demonstrated with some r e a l  da t a  r e l a t e d  t o  the  s h u t t l e  boosters .  

Kitan lladaar 

We continue t h e  development of the s p e c t r a l  v i s c o s i t y  method (SVM) f o r  

s p e c t r a l  c a l c u l a t i o n s  of nonl inear  conservat ion laws toge the r  with Y. Maday. 

We have shown t h a t  t h e  SVM i s  respons ib le  f o r  a s p e c t r a l l y  small d i s c r e t i z a -  

t i o n  e r r o r ,  independent ly  whether the underlying s o l u t i o n  i s  smooth o r  not.  

This enables  a complete convergence a n a l y s i s  of the SVM f o r  t h e  Four ie r  and 

Legendre approximations of Burger’s equation. The convergence r e s u l t  was ex- 

tended t o  o the r  conserva t ion  laws, and the SVM was shown t o  imply t o t a l -  

variation-bound (TVB) approximations. Extensions t o  the  incompressible  Euler  

equations--whose s p e c t r a l  c a l c u l a t i o n s  are t o  be augmented with the  SVM, i s  

t h e  sub jec t  of cu r ren t  research .  

Together with D. G o t t l i e b  we s tudy  the  ques t ion  of s p e c t r a l  recovery f o r  

discont inuous s o l u t i o n s  of both l i n e a r  and nonl inear  time-dependent problems 

f o r  hyperbol ic  type.  

Together with H. Nessyahu, we .cont inue t o  experiment with va r ious  modifi- 

c a t i o n s  of h igh- reso lu t ion  nonosc i l l a to ry  c e n t r a l  d i f f e r e n c i n g ,  and ex tens ions  

t o  mu1 ti-dimensional problems are sought.  

Billel Ilal-Ezer 

Research is  cont inuing  regarding the problem of approximating func t ions  of 

matrices. While prev ious ly  we have t r e a t e d  matrices whose domain of eigen- 

va lues  is such t h a t  i t s  complement i s  simply connected, we look now i n t o  the  

more genera l  ease where t h e  domain D is a union of f i n i t e  numbers of sepa- 

r a t e d  subdomains. There a r e  many i n t e r e s t i n g  physical  problems where we have 
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t o  approximate the  opera tors  exp(A) while  t h e  eigenvalues  of A a r e  

c lus t e red  i n  two o r  more f a r  a p a r t  domains. Another a p p l i c a t i o n  occurs  when 

using the mul t igr id  approach f o r  so lv ing  hyperbol ic  type PDE’s. In t h i s  ca se ,  

t h e  domain of e igenvalues  r e l a t e d  t o  the  h igh ly  o s c i l l a t i n g  modes i s  a union 

of two separated subdomains on both s i d e s  of the  r e a l  axis. 
Since the problem of approximating f(A) i s  approached v i a  i n t e r p o l a t -  

i n g  f ( z ) ,  i n t e r e s t i n g  ques t ions  a r i s e  concerning the co r rec t  way t o  bui ld  a 

h igh  degree i n t e r p o l a t i n g  polynomial i n  Newton-form. It was observed t h a t  t h e  

arrangement of the i n t e r p o l a t i n g  po in t s  p lays  a crucial  f a c t o r  i n  the  s t a b i l -  

i t y  of the procedure. Thus the  bas i c  problem of Newton i n t e r p o l a t i o n  is being 

inves t iga t ed  a l so .  

Sherry Tombodian 

Neural networks hold g r e a t  promise f o r  b io log ica l  research ,  a r t i f i c i a l  

i n t e l l i g e n c e  and even as gene ra l  computational devices .  However, t o  s tudy  

systems i n  a r e a l i s t i c  manner, it is  h ighly  d e s i r a b l e  t o  be ab le  t o  s imula te  a 

network with t e n s  of thousands o r  hundreds of thousands of neurons. This  

sugges ts  the use of p a r a l l e l  hardware. Current research  involves  f ind ing  

methods f o r  p a r a l l e l i z i n g  such networks with e f f o r t  concentrated p a r t i c u l a r l y  

i n  methods f o r  r e a l i z i n g  the edge connection between neurons. A method f o r  

doing t h i s  on SIMD a r c h i t e c t u r e s  was presented a t  the 1987 Conference on 

Neural Information Processing--Natural and Synthe t ic ,  he ld  i n  Denver, and w i l l  

appear i n  the APS conference proceedings series. 

In  co l l abora t ion  with Dave Middleton and Tom Crocket t ,  exp lo ra t ion  of 

a l t e r n a t i v e  programming environments f o r  the  Navier-Stokes computer ( a  recon- 

f igurable  p ipe l ined  a r c h i t e c t u r e )  has continued. A presen ta t ion  on a graphi- 

c a l  programming environment f o r  the NSC w a s  made a t  the 1987 SIAM Conference 

on Paral le l  Processing. The bas i c  i d e a  behind t h i s  work is t o  represent  

a r c h i t e c t u r a l  elements and v i s u a l  icons and use  a mouse-based system t o  a l low 

t h e  user  t o  “draw” h i s  program. A more complete d e s c r i p t i o n  of t h i s  work can 

be found elsewhere i n  t h i s  r epor t .  
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Work i s  cont inuing on methods for graph embedding and communication i n  

SIMD a r c h i t e c t u r e .  The method being inves t iga t ed  produces an embedding of a 

graph G i n t o  a host  topology H i n  such a way t h a t  each edge i n  G became 

a unique path i n  space-time i n  H. Formal a n a l y s i s  of t h i s  method cont inues ,  

and new methods f o r  o f f - l i n e  embedding are being explored. The implementation 

on the Connection Machine i s  being r e f ined ,  and a new implementation is pro- 

ceeding f o r  the MPP. New ex tens ions  of the  method remove the unique pa th  re- 

s t r i c t i o n ,  a l lowing a branching path s t r u c t u r e  from a s i n g l e  v e r t e x  s imilar  t o  

d e n d r i t i c  growth. Some of t h i s  work i s  t i e d  c l o s e l y  t o  the work on neura l  

n e t s  mentioned above. 

Explorat ion of methods f o r  extending the SIMD a r c h i t e c t u r e  model were done 

with David Middleton. P a r t i c u l a r l y ,  we s tud ied  the t radeoff  of adding l o c a l  

i n d i r e c t  addressing t o  processors .  While more research  i s  i n  o rde r ,  i t  

appears  t h a t  t h i s  is u s e f u l ,  e s p e c i a l l y  for communication algori thms.  

B l i t zen ,  t he  new ve r s ion  of the  MPP i s  being developed a t  MCNC i n  North 

Carol ina.  Methods f o r  s t a t i c  graphs and dynamic rou t ing  are being explored t o  

suppor t  software communication f o r  t h i s  a r c h i t e c t u r e .  

Eli  Turkel 

Work i s  s t i l l  cont inuing on the  multidimensional Runge-Kutta m u l t i g r i d  

algori thm to compute s t e a d y  s t a t e  . inv isc id  and v i scous  flows. We are current- 
l y  i n v e s t i g a t i n g  the func t iona l  form of the  a r t i f i c i a l  v i s c o s i t y .  In  the  

s tandard form f o r  t he  energy equat ion  the  a r t i f i c i a l  v i s c o s i t y  acts on the  

t o t a l  enthalpy. This seems t o  create o s c i l l a t i o n s  near  the t r a i l i n g  edge f o r  

the  su r face  entropy. When en tha lpy  damping i s  not  used, then one can a c t  on 

t h e  t o t a l  energy r a t h e r  than the t o t a l  enthalpy.  This removes the o s c i l l a -  

t i o n s  from the su r face  en t ropy  but  in t roduces  them i n t o  the su r face  en tha l -  

py. Fur ther  d i scuss ion  w i l l  be presented a t  the  AIAA Aerospace Sciences meet- 

ing,  Reno 1988, i n  a j o i n t  paper with D. Caughey of Cornell .  

Improvements have a l s o  been made t o  the  a r t i f i c i a l  v i s c o s i t y  i n  the  three-  

dimensional case. The convergence ra te  of the  c e l l  centered scheme i s  now 

c l o s e  t o  t h a t  of t h e  2D c a l c u l a t i o n s .  The r e s idua l  is reduced by 6-9 o rde r s  

of magnitude wi th in  100 5 s tage  Runge-Kutta s teps .  This has been t r i e d  f o r  
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both the ONERA M6 wing t ransonic  and supersonic  flows. This work i s  being 

c a r r i e d  ou t  j o i n t l y  with V. Vatsa (Transonic Aerodynamics Division, LaRC) and 

B. Wedan (Vigyan Research Associat ion,  Inc ) .  

In  add i t ion ,  j o i n t  research  with Alvin Rayl i ss  and David Go t t l i eb  i s  being 

conducted on adapt ive  Chebyshev methods. D i f f e ren t  t ransformations and t e s t  

f u n c t i o n a l s  are being analyzed a r e  being analyzed f o r  t h e i r  e f f e c t i v e n e s s  i n  

reducing the computational e f f o r t .  

Bram van Ieer 
E f f o r t s  t o  reduce numerical d i s s i p a t i o n  i n  f l u x  formulas f o r  i nv i sc id  com- 

press ib le  flow, descr ibed previous ly ,  a r e  cont inued,  with the  emphasis now on 
incorpora t ing  genuinely mu1 t idimensional  information i n  the cons t ruc t ion  of 

the numer ica l -d iss ipa t ion  matrix.  The goal i s  to  preserve the b e n e f i t s  of 

f lux-d i f fe rence  s p l i t t i n g ,  demonstrated e a r l i e r ,  i f  s t rong  waves are present  

t h a t  are oblique t o  the  computational g r i d .  A l eas t - squares  method is pro- 

posed which e x t r a c t s  two-dimensional information from the va lues  of s t a t e  

q u a n t i t i e s  i n  any p a i r  of ad jacent  c e l l s .  This information feeds  back t o  the 

algorithm--how e x a c t l y  t h i s  i s  b e s t  done is  not  ye t  known. The a n a l y s i s  i s  

done i n  co l lobora t ion  with P. L. Roe, and i n i t i a l  numerical experiments a r e  

c a r r i e d  out by E. Turkel. 

In  solving flow problems numerical ly ,  convergence to  a s teady  s t a t e  may be 

hampered by a poss ib l e  norruniqueness of the s t eady  s o l u t i o n ,  e s p e c i a l l y  i f  

t he  so lu t ion  conta ins  a d i s c o n t i n u i t y .  Study of d i s c r e t i z e d  model equat ions 

resembling the  one-dimensional i n v i s c i d  shock-tube equat ions  r evea l s  t h a t  

m u l t i p l e  s o l u t i o n s  a r e  e a s i l y  found. S t ab le  s o l u t i o n s  t h a t  phys i ca l ly  should 

be uns tab le  are a l s o  seen. F i n a l l y ,  t he re  a r e  circumstances under which t h e r e  

i s  no s teady d i s c r e t e  s o l u t i o n  a t  a l l :  t h e  c a l c u l a t i o n  ends i n  a l i m i t  

cycle .  The scheme used is  Roe's f i r s t - o r d e r  upwind scheme, i n  which d i s c r e t e  

d a t a  are regarded as poin t  samples, even i n s i d e  of a shock s t r u c t u r e .  In t e r -  

p r e t a t i o n  of shock d a t a  as c e l l  averages,  from which a sub-grid shock p o s i t i o n  

can be determined, l e a d s  t o  an improvement, a l though ex i s t ence  and uniqueness 

of d i s c r e t e  d iscont inuous  s o l u t i o n s  have not y e t  been achieved. This work 

aga in  i s  i n  co l l abora t ion  with P. L. Roe. 
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REPORTS AND ABSTRACTS 

Keyes, David E. and Mitchel l  D. Smooke: A n a l y h h  ad a pa&&kkLked nof ineah 
&tiptic boundany value pkablern dolven u i t h  a p p f i c u t i a n  t o  ~ ~ e a c t i n g  
dlows .  ICASE Report No. 87-21, Apri l  13, 1987, 2 8  pages. Submitted t o  6 t h  
I n t e r n a t i o n a l  Symposium on Computer Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equa- 
t i ons ,  IMACS Conference, June 23-26, 1987, Bethlehem, PA. 

A p a r a l l e l i z e d  f i n i t e  d i f f e r e n c e  code based on Newton's method f o r  sys- 
tems of nonl inear  e l l i p t i c  boundary value problems i n  two dimensions i s  
analyzed i n  terms of computational complexity and p a r a l l e l  e f f i c i ency .  An 
approximate cos t  func t ion  depending on 15 dimensionless parameters ( includ-  
ing d i s c r e t e  problem dimensions , convergence parameters , and machine char- 
a c t e r i s t i c s )  i s  der ived f o r  a lgori thms based on s t r ipwise  and boxwise de- 
compositions of the domain and a one-to-one assignment of the  s t r i p  o r  box 
subdomains to  processors.  The s e n s i t i v i t y  of the cos t  func t ion  t o  the  
parameters i s  explored i n  regions of parameter space corresponding t o  model 
small-order systems with inexpensive func t ion  eva lua t ions  and a l s o  a 
coupled system of n ine t een  equat ions with very  expensive func t ion  evalua- 
t i o n s  ( a  reac t ing  flow model of engineering i n t e r e s t  which mot iva tes  the  
work). The algori thm has been implemented on the I n t e l  Hypercube, and some 
experimental  r e s u l t s  f o r  the  model problems with s t r i p w i s e  decompositions 
a r e  presented and compared with the theory. In  the contex t  of computation- 
a l  combustion problems, mul t iprocessors  of e i t h e r  message-passing o r  
shared-memory type may be employed with s t r ipwise  decompositions t o  r e a l i z e  
speedups of O(n),  where n is  mesh r e so lu t ion  i n  one d i r e c t i o n ,  f o r  rea- 
sonable  n. To r e a l i z e d  speedups of O(n2), the  t o t a l  number of mesh 
poin ts  , only hypercubes appear a t t r a c t i v e .  These r e s u l t s  must be q u a l i f i e d  
by hardware assumptions , inc luding  s u f f i c i e n t  l o c a l  memory p e r  processor  t o  
hold a l l  of the  d a t a  def ined on the assoc ia ted  subdomain, and s e l e c t i o n  o f  
machine parameters t y p i c a l  of p re sen t ly  commercially a v a i l a b l e  components. 

S a l t z ,  Joe l  : AcLtarna.ted pkoblern dchedu4Xn.q and treduction oh synchnoniza,tion - -  
d d a y  eddectb. ICASE Report No. 87-22, J u l y  14, 1987, 37 pages. Submitted 
to  SIAM J. Sci. S t a t i s t .  Comput. 

It i s  a n t i c i p a t e d  t h a t  i n  order  t o  make e f f e c t i v e  use of many f u t u r e  
high performance a r c h i t e c t u r e s ,  programs w i l l  have t o  e x h i b i t  a t  least  a 
medium grained pa ra l l e l i sm.  Methods fo r  aggregat ing work represented by a 
d i r e c t e d  a c y c l i c  graph a r e  of p a r t i c u l a r  i n t e r e s t  for  use i n  conjunct ion 
with techniques now under development f o r  the automated e x p l o i t a t i o n  of 
p a r a l l e l  i s m .  

I n  t h i s  paper we present  a framework f o r  p a r t i t i o n i n g  very spa r se  
t r i a n g u l a r  systems of l i n e a r  equat ions  t h a t  i s  designed to  produce favor- 
ab le  performance r e s u l t s  i n  a wide variety of p a r a l l e l  a r c h i t e c t u r e s .  Ef-  
f i c i e n t  methods f o r  solving these systems a r e  of i n t e r e s t  because (1) they 
provide a usefu l  model problem f o r  use i n  explor ing h e u r i s t i c s  f o r  the 
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aggregat ion,  mapping, and scheduling of r e l a t i v e l y  f i n e  grained computa- 
t i ons  whose d a t a  dependencies a r e  s p e c i f i e d  by d i r ec t ed  a c y c l i c  graphs and 
( 2 )  because such e f f i c i e n t  methods can f ind  d i r e c t  app l i ca t ion  i n  the 
development of p a r a l l e l  a lgori thms f o r  s c i e n t i f i c  computation. 

Simple expressions a r e  der ived t h a t  desc r ibe  how t o  schedule compu- 
t a t i o n a l  work with vary ing  degrees  of  g r a n u l a r i t y .  We use the Encore 
Multimax a s  a hardware s imulator  t o  i n v e s t i g a t e  the performance e f f e c t s  of 
using the p a r t i t i o n i n g  techniques presented here i n  shared memory archi-  
t e c t u r e s  with varying r e l a t i v e  synchronizat ion cos ts .  

Gokhale, Maya: ExpLoitLng l o o p  lev& pm&Um i n  nonp&ocedwtaX datadlow 
p k o g ' r m .  ICASE Report No. 87-23, Apri l  6, 1987, 19 pages. Submitted t o  
the Proceedings of the I n t e r n a t i o n a l  Conference on P a r a l l e l  Processing,  
1987. 

In  t h i s  paper, we d i scuss  how loop l e v e l  pa ra l l e l i sm i s  de tec ted  i n  a 
nonprocedural da ta f low program and how a procedural program with concurrent  
loops i s  scheduled. In  add i t ion ,  we d i scuss  a program r e s t r u c t u r i n g  tech- 
nique which may be appl ied t o  recurs ive  equat ions  so t h a t  concurrent  loops  
may be generated f o r  a seemingly i t e r a t i v e  computation. A compiler which 
genera tes  C code f o r  the  language descr ibed  below has been implemented. 
We desc r ibe  the schedul ing component of the compiler and the r e s t r u c t u r i n g  
t ransformation.  

F ix ,  George: s ingutah dinite dement metho&. TCASE Report No. 87-24, 
Apri l  8, 1987, 32 pages. Submitted t o  F i n i t e  Element Method: Theory and 
Ap p l  i c  a t i on. 

S i n g u l a r i t i e s  which a r i s e  i n  the s o l u t i o n  t o  e l l i p t i c  systems a r e  o f t e n  
of g r e a t  technologica l  importance. This i s  c e r t a i n l y  the  case i n  models of 
f r a c t u r e  of s t r u c t u r e s .  In  t h i s  r e p o r t ,  we survey the  way s i n g u l a r i t i e s  
a r e  modeled with special  emphasis on the e f f e c t s  due t o  n o n l i n e a r i t i e s .  

Hall, P. and F. T. Smith: The n o d i n e m  inte'ract.&ln 06 T o l l m i e n - S c U c h t i n g  
wave6 and Taylo&-Ga&tLe& vo&ticeb i n  c w v e d  &ann& dlowb. ICASE Report 
No. 87-25, Apri l  13, 1987, 38 pages. Submitted t o  Proc. Roy. SOC. Ser. 
(A)  0 

It i s  known t h a t  a viscous f l u i d  flow with curved s t r eaml ines  can 
support  both Tollmien-Schl i c h t i n g  and Taylor-G'ijrtler i n s t a b i l i t i e s .  The 
ques t ion  of which l i n e a r  mode i s  dominant a t  f i n i t e  va lues  of the Reynolds 
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numbers was discussed by Gibson and Cooke (1973). In  a s i t u a t i o n  where 
both  modes are poss ib l e  on the b a s i s  of l i n e a r  theory,  a nonl inear  theory  
must be used t o  determine the e f f e c t  of the i n t e r a c t i o n  of the i n s t a b i l i -  
t i e s .  The d e t a i l s  of t h i s  i n t e r a c t i o n  a r e  of p r a c t i c a l  importance because 
of its poss ib le  c a t a s t r o p h i c  e f f e c t s  on mechanisms used f o r  laminar flow 
con t ro l .  Here t h i s  i n t e r a c t i o n  i s  s tudied  i n  the  contex t  of f u l l y  
developed flows i n  curved channels. Apar t  from technica l  d i f f e r e n c e s  as- 
soc ia t ed  with boundary l a y e r  growth, t he  s t r u c t u r e s  of the  i n s t a b i l i t i e s  i n  
t h i s  f low a r e  very  s i m i l a r  t o  those i n  the p r a c t i c a l l y  more important ex- 
t e r n a l  boundary l a y e r  s i t u a t i o n .  The i n t e r a c t i o n  is  shown t o  have two d is -  
t i n c t  phases depending on the s i z e  of t h e  d is turbances .  A t  ve ry  low ampli- 
t udes ,  two obl ique Tollmien-Schlichting waves i n t e r a c t  with a Gzrtler vor- 
tex  i n  such a manner t h a t  the  amplitudes become i n f i n i t e  a t  a f i n i t e  
time. This type of i n t e r a c t i o n  i s  descr ibed by o rd ina ry  d i f f e r e n t i a l  amp- 
l i t u d e  equat ions with quadra t i c  n o n l i n e a r i t i e s .  A s t ronge r  type o f  i n t e r  
ac t ion  occurs  a t  l a r g e r  d i s turbance  amplitudes and l eads  t o  a much more 
complicated type of evolu t ion  equation. The s o l u t i o n  of these equa t ions  
now depends c r i t i c a l l y  on the angle  between the Tollmien-Schlichting wave 
and the Ggr t l e r  vortex.  Thus, i f  t h i s  angle i s  g r e a t e r  than 41.6', t h i s  
i n t e r a c t i o n  again terminates  i n  a s i n g u l a r i t y  a t  a f i n i t e  t i m e ;  o therwise 
the  breakdown is  exponent ia l  taking an i n f i n i t e  time. Moreover the s t rong  
i n t e r a c t i o n  can take p lace  i n  the absence of cu rva tu re ,  i n  which case the  
Gb'rtler vor tex  i s  e n t i r e l y  dr iven  by the Tollmien-Schlichting waves. 

Daudpota, Q. I sa ,  P h i l i p  Hall, and Thomas A. Zang: On t h e  nanlXnecvL i n t e h a c -  
t i o n  04 G d M e h  voxtice6 and ToUmien-SchUcht inc j  wave6 i n  cmved channel 
dLou &t 6 i n i t e  ReynoLdb nurnbeu. ICASE Report No. 87-26, Apri l  21,  1987, 
62 pages. Submitted t o  J. Fluid Mech. 

The flow i n  a two-dimensional curved channel d r iven  by an azimuthal 
pressure  g rad ien t  can become l i n e a r l y  uns tab le  due t o  axisymmetric 
pe r tu rba t ions  and/or nonaxisymmetric pe r tu rba t ions  depending on the curva- 
t u r e  of the channel and the Reynolds number. For a p a r t i c u l a r  small v a l u e  
of  curva ture ,  t he  c r i t i c a l  Reynolds number fo r  both these pe r tu rba t ions  be- 
comes i d e n t i c a l .  In  the neighborhood of t h i s  cu rva tu re  va lue  and c r i t i c a l  
Reynolds number, non l inea r  i n t e r a c t i o n s  occur between these  perturba- 
t ions .  The Stuart-Watson approach i s  used t o  de r ive  two coupled Landau 
equat ions  f o r  the amplitudes of these  pe r tu rba t ions .  The s t a b i l i t y  of the 
va r ious  poss ib le  s ta tes  of these pe r tu rba t ions  i s  shown through b i f u r c a t i o n  
diagrams. Emphasis i s  g iven  t o  those cases which have relevance t o  ex- 
t e r n a l  flows. 

Gibson, J. S. and I. G. Rosen: Apphoxirnation 06 dibmete-time LQG compen- 
~ C L t o a  doh d i 6 t t i b u t e d  AyaZem cui& boundmy inpuX and unbounded rneabme- 
ment.  ICASE Report No. 87-27, Apri l  24, 1987, 30 pages. Submitted t o  
Automatica. 
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We consider  the approximation of optimal discrete- t ime l i n e a r  quadra t ic  
Gaussian (LQG) compensators f o r  d i s t r i b u t e d  parameter cont ro l  systems wi th  
boundary input  and unbounded measurement. Our approach app l i e s  t o  a wide 
range of problems t h a t  can be formulated i n  a s t a t e  space on which both the  
discrete- t ime input  and output ope ra to r s  a r e  continuous. Approximating 
compensators a r e  obtained v i a  a p p l i c a t i o n  of the LQG theory and a s soc ia t ed  
approximation r e s u l t s  f o r  i n f i n i t e  dimensional d i scre te - t ime con t ro l  sys- 
tems with bounded input  and output .  Numerical r e s u l t s  f o r  s p l i n e  and modal 
based approximation schemes used t o  compute optimal compensators fo r  a one 
dimensional heat  equat ion with e i t h e r  Neumann o r  D i r i c h l e t  boundary con t ro l  
and pointwise measurement of temperature a r e  presented and discussed.  

Mac Giol la  Mhuiris, Nessan : Lyapunov exponena do& indinite dimenhion& 
dynamicd byatem. ICASE Report No. 87-28, April  2 4 ,  1987, 16 pages. 
Submitted t o  Proceedings of the IMACS Six th  I n t e r n a t i o n a l  Conference on 

I P a r t i a l  D i f f e r e n t i a l  Equations. 

C l a s s i c a l l y  i t  was held t h a t  s o l u t i o n s  t o  d e t e r m i n i s t i c  p a r t i a l  d i f -  
f e r e n t i a l  equat ions  ( i  .e., ones with smooth c o e f f i c i e n t s  and boundary d a t a )  
could become random only through one mechanism, namely by the  a c t i v a t i o n  of 
more and more of the i n f i n i t e  number of  degrees  of freedom t h a t  are ava i l -  
a b l e  t o  such a system. It i s  only  r e c e n t l y  t h a t  researchers  have come t o  
suspec t  t h a t  many i n f i n i t e  dimensional nonl inear  systems may i n  f a c t  pos- 
s e s s  f i n i t e  dimensional chaot ic  a t t r a c t o r s .  Lyapunov exponents provide a 
too l  f o r  probing the na ture  of these  a t t r a c t o r s .  In  t h i s  paper,  we examine 
how these  exponents might be measured f o r  i n f i n i t e  dimensional systems. 

Swanson, R. C. and E l i  Turkel:  A / r t i d i c i d  c h b i p d i o n  and cenZ&d did&xence 
bcheme.6 dolt the Edeh and Navieh-Stoked equatiovu, ICASE Report No. 87-29, 
Apri l  29, 1987, 54 pages. Submitted t o  Proc. of the AIAA 8 t h  Computational 
Fluid Dynamics Conference. 

An a r t i f i c i a l  d i s s i p a t i o n  model, inc luding  boundary t rea tment ,  t h a t  is 
employed i n  many c e n t r a l  d i f f e r e n c e  schemes f o r  solving the Euler  and 
Navier-Stokes equat ions  is discussed.  Modif icat ions of t h i s  model such as 
the eigenvalue sca l ing  suggested by upwind d i f f e r e n c i n g  a r e  examined. 
Mult is tage time s tepping  schemes with and without a mul t ig r id  method a r e  
used t o  i n v e s t i g a t e  the e f f e c t s  of changes i n  the  d i s s i p a t i o n  model on 
accuracy and convergence. Improved accuracy f o r  i nv i sc id  and viscous air- 
f o i l  flows i s  obtained with the  modified eigenvalue sca l ing .  Slower con- 
vergence rates a r e  experienced with the  mul t ig r id  method using such scal- 
ing. The r a t e  of convergence is improved by applying a d i s s i p a t i o n  s c a l i n g  
func t ion  t h a t  depends on mesh c e l l  aspec t  r a t i o .  
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Abarbanel, Saul,  P r a v i r  Dutt , and David Go t t l i eb :  S p L i t t i n g  method6 60h COW 
Mach numheh E&eh and Mavieh-Stoku equatLons. ICASE Report No. 87-30, 
May 1, 1987, 27 pages. Submitted t o  Comput. and Fluids.  

I n  t h i s  paper, we examine some s p l i t t i n g  techniques f o r  low Mach number 
Euler flows. We poin t  o u t  shortcomings of some of the proposed methods and 
suggest an explana t ion  f o r  t h e i r  inadequacy. We then present  a symmetric 
s p l i t t i n g  f o r  both the  Euler  and Navier-Stokes equations which removes t h e  
s t i f f n e s s  of these  equat ions  when the Mach number i s  small. The s p l i t t i n g  
i s  shown to  s t a b l e .  

I t o ,  Qzufumi: Sthong convehgence m d  convehgence &raten 06 apphoximuting do-  
&u$ionb doh dgebhraic R~ccaZi. equationb i n  t r i lbeht  bpaced. ICASE Report 
No. 87-31, May 11, 1987, 20 pages. Submitted to  Proceedings of the  Confer- 
ence on Control Theory f o r  D i s t r ibu ted  Parameter Systems, Vorau, A u s t r i a ,  
1978. 

In  t h i s  paper, we cons ider  the l i n e a r  quadra t i c  optimal con t ro l  problem 
on i n f i n i t e  time i n t e r v a l  f o r  l i n e a r  t ime-invariant systems def ined  on 
H i l b e r t  spaces.  The optimal con t ro l  i s  g iven  by a feedback form i n  terms 
of so lu t ion  'IG t o  the assoc ia ted  a lgeb ra i c  R icca t i  eqWation (ARE). A 
R i t z  type approximation is  used t o  ob ta in  a sequence IT of f i n i t e  di-  
mensional a p p r q i m a t i o n s  of the  s o l u t i o n  to  ARE. A s u f f i c i e n t  condi t ion  
t h a t  shows 7 converges s t r o n g l y  t o  1T is  obtained. Under t h i s  
condi t ion ,  we dg r ive  a formula which can be used t o  obta in  a r a t e  of con- 
vergence of If t o  IT. We demonstrate and apply the  r e s u l t s  f o r  the  
Galerkin approximation fo r  parabol ic  systems and the  averaging approxima- 
t i o n  f o r  h e r e d i t a r y  d i f f e r e n t i a l  systems. 

I t o ,  Kazufumi and Rober 
dimenbianal  dybtem : 
Report No. 87-32, May 
e n t i a 1  Equations. 

t K. Powers: Chandhahehhm equdionb fisk i n d i n i t e  
Pmt ZZ. Unbounded i n p u t  and o u t p u t  cue .  ICASE 

11, 1987, 55 pages. Submitted t o  Journa l  of M f f e r -  

A se t  of equa t ions  known a s  Chandrasekhar equat ions  a r i s i n g  i n  the  l i n -  
ea r  quadra t i c  optimal con t ro l  problem i s  considered. In  t h i s  paper,  we 
cons ider  the l i n e a r  t ime-invariant system defined i n  H i l b e r t  spaces involv- 
ing unbounded inpu t  and output  ope ra to r s .  For a gene ra l  c l a s s  of such sys-  
tems, we d e r i v e  the Chandrasekhar equat ions  and e s t a b l i s h  the  e x i s t e n c e ,  
uniqueness, and r e g u l a r i t y  r e s u l t s  of t h e i r  so lu t ions .  
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Shu, Chi-Wang and Stan ley  Osher: E 6 d i c i e n t  h@!ernentaXion 06 u b e n . t ~ & y  non- 
O b ~ ~ O h ~  bhock c a p t d n g  bchemeb. ICASE Report NO. 87-33, May 11, 1987, 
73 pages. Submitted t o  J. Comput. Phys. 

In  the  computation of discont inuous s o l u t i o n s  of hyperbol ic  conserva- 
t i o n  laws, TVD ( to ta l -var ia t ion-d iminish ing)  , TVJ3 ( total-var ia t ion-bounded)  
and the r ecen t ly  developed EN0 ( e s s e n t i a l l y  non-osci l la tory)  schemes have 
proven t o  be very  use fu l .  In t h i s  paper two improvements are discussed:  a 
s i m p l e  TVD Runge-Kutta type time d i s c r e t i z a t i o n ,  and an EN0 cons t ruc t ion  
procedure based on f luxes  r a t h e r  than on c e l l  averages.  These improvements 
s impl i fy  the schemes considerably--especial ly  f o r  multi-dimensional prob- 
lems o r  problems with forc ing  terms. Prel iminary numerical r e s u l t s  are 
a l s o  given. 

Fa toohi ,  b a d  A. and Chester  E. Grosch: Solv ing  f i e  Cauchy-Riemann equai0n.h 
on pa/r&et computehs. ICASE Report No. 87-34, May 26, 1987, 37 pages. 
Submitted t o  Journa l  of Supercomputing . 

In  t h i s  paper,  we d i scuss  the  implementation of a s i n g l e  algorithm on 
t h r e e  pa ra l l e l -vec to r  computers. The algori thm is a r e l a x a t i o n  scheme for 
the s o l u t i o n  of the Cauchy-Riemann equat ions ,  a set  of coupled f i r s t  o rder  
p a r t i a l  d i f f e r e n t i a l  equat ions.  The computers were chosen so a s  t o  en- 
compass a v a r i e t y  of a r c h i t e c t u r e s .  They a re :  the MPP, an SIMD machine 
with 16K b i t  s e r i a l  p rocessors ;  FLEX/32, an MIMD machine with 20 proces- 
sors; and CRAY/2, an MIMD machine with fou r  vec tor  processors.  The machine 
a r c h i t e c t u r e s  a r e  b r i e f l y  descr ibed.  The implementation of the  algori thm 
i s  discussed i n  r e l a t i o n  t o  these  a r c h i t e c t u r e s ,  and measures of the per- 
formance on each machine a r e  given. Simple performance models are used t o  
desc r ibe  the performance. These models h i g h l i g h t  the  bo t t l enecks  and l i m -  
i t i n g  f a c t o r s  for t h i s  a lgori thm on these  a r c h i t e c t u r e s .  F i n a l l y  conclu- 
s ions  a r e  presented. 

Macaraeg, M. G., C. Lo S t r e e t t ,  and M. Y. Hussaini:  An anUtybi.6 06 uhXidi&d 
v.ibcoaity ehdec.t6 on heacting dtow u i n g  a specthal m d t i - d o m a i n  tech- 
nique. ICASE Report No. 87-35, May 26, 1987, 16 pages. Submitted t o  the  
5 th  I n t e r n a t i o n a l  Conference on Numerical Methods i n  Laminar and Turbulent 
F1 ow 

Standard techniques used t o  model chemically-reacting flows r e q u i r e  an 
a r t i f i c i a l  v i s c o s i t y  f o r  s t a b i l i t y  i n  the presence of s t rong  shocks. The 
r e s u l t i n g  shock i s  smeared over a t  l e a s t  t h r e e  computational c e l l s ,  s o  t h a t  
the th ickness  of the shock is  d i c t a t e d  by the s t r u c t u r e  of the  o v e r a l l  mesh 
and not the shock physics .  A gas  passing through a s t rong  shock i s  thrown 
i n t o  a nonequilibrium s t a t e  and subsequent ly  r e l axes  down over some f i n i t e  
d i s t a n c e  t o  an equi l ibr ium end s t a t e .  The a r t i f i c i a l  smearing of the  shock 
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envelops t h i s  r e l a x a t i o n  zone which causes  the  chemical k i n e t i c s  of t h e  
f low t o  be a l t e r e d .  This  paper presents  a method which can i n v e s t i g a t e  
these  i s s u e s  by following the chemical k i n e t i c s  and flow kinematics  of a 
g a s  passing through a f u l l y  resolved shock wave a t  hypersonic Mach 
numbers. A nonequilibrium chemistry model f o r  a i r  i s  incorporated i n t o  a 
s p e c t r a l  mu1 ti-domain Navier-Stokes s o l u t i o n  method. Since no a r t i f i c i a l  
v i s c o s i t y  i s  needed f o r  s t a b i l i t y  of the  multi-domain technique, the pre- 
c i s e  e f f e c t  of t h i s  a r t i f i c e  on the chemical k i n e t i c s  and r e l evan t  flow 
f e a t u r e s  can be determined. 

Maday, Y. and A. Quarteroni :  Elrn04 an&ybLb f;O& b p e c t & &  app4oximaXion 06 the 
ICASE Report No. 87-36, June 8, 1987, 2 6  Kot$eureg-de V ~ e b  equ2&bn. 

pages. Submitted to  M AN Numerical Analysis.  

The conservat ion and convergence p r o p e r t i e s  of s p e c t r a l  Four ie r  methods 
f o r  the numerical approximation of t he  Korteweg-de Vries equat ion  are 
analyzed. It i s  proven t h a t  the  ( a l i a s e d )  col locat ion-pseudospectral  
method enjoys the  same convergence p rope r t i e s  a s  the s p e c t r a l  Galerkin 
method, which i s  less e f f e c t i v e  from the computational point  of  view. This  
r e s u l t  provides a p rec i se  mathematical answer t o  a ques t ion  ra i sed  by 
severa l  au tho r s  i n  the  l a t e s t  years.  

Naik, Vijay K. and Shlomo Ta’asan: I m p l e m e n t a t i o n  06 d ; t - i g l t i d  me.thock do& 
d o L v i n g  Navie&-Stohes  equuaXon6 on a md.CLpf iocabo4 b y b t e m .  ICASE Report 
No. 87-37, June 2 2 ,  1987, 33 pages. Submitted t o  the Proc. of the  6 t h  
IMACS In t .  Symp. on Computer Methods f o r  PDE’s, Lehigh Universi ty ,  PA, June 
23-26 ,  1987. 

In this paper we present  schemes for implementing mul t igr id  algori thms 
on message based MIMD mult iprocessor  systems. To address  the  v a r i o u s  
issues involved, a n o n t r i v i a l  problem of solving the 2-D incompressible  
Navier-Stokes equat ions  i s  considered as the  model problem. Three d i f -  
f e r e n t  mu l t ig r id  a lgori thms a r e  considered.  Resul ts  from implementing 
these  algori thms on an I n t e l  iPSC are presented.  

P r a t t ,  Terrence W.: The PISCES 2 pm&eL p & o q & a m ~ n a  e n v i m n m e n t .  ICASE . -  
Report No. 87-38, Ju ly  1,  1987, ‘15  pages. Submitted t o  the Proc. 1987 
I n t e r n a t .  Conf . on P a r a l l e l  Processing. 

PISCES 2 i s  a programming environment f o r  s c i e n t i f i c  and engineer ing 
computations on MIMD para l le l  computers. It i s  c u r r e n t l y  implemented on a 
F lex ib le  FLEX/32 a t  NASA Langley, a 20 processor  machine with both shared 



46 

and l o c a l  memories. The environment provides  an extended For t ran  f o r  ap- 
p l i c a t i o n s  programming , a "configurat ion" environment f o r  s e t t i n g  up a run  
on the p a r a l l e l  machine, and a run-time environment f o r  monitoring and con- 
t r o l l i n g  program execution. This paper desc r ibes  the  ove ra l l  design of t he  
system and i t s  implementation on the FLEX/32. Emphasis i s  placed on sev- 
eral  novel a spec t s  of the  design:  the use of a c a r e f u l l y  def ined v i r t u a l  
machine, programmer con t ro l  of the mapping of v i r t u a l  machine t o  ac tua l  
hardware, "forces"  f o r  medium-granularity parallelism, and "windows" f o r  
p a r a l l e l  d i s t r i b u t i o n  of da t a .  Some prel iminary measurements of s to rage  
u s e  are included. 

Nicol ,  David and J o e l  H. Sa l t z :  Phincip&?A doh ptob.&m agghegation and 
cuAignment i n  medcum Acde  m d X i p m c 4 n b o t .  ICASE Report No. 87-39, 
September 18, 1987, 39 pages. Submitted t o  IEEE Trans.  Comput. 

One of the most important i s s u e s  i n  p a r a l l e l  processing is  the  mapping 
o f  workload t o  processors .  This paper cons iders  a l a r g e  c l a s s  of problems 
having a h igh  degree of  p o t e n t i a l  f i n e  grained pa ra l l e l i sm,  and execut ion 
requirements t h a t  a r e  e i t h e r  not p r e d i c t a b l e ,  o r  are too c o s t l y  t o  pre- 
d i c t .  The main issues i n  mapping such problems onto medium s c a l e  mult i -  
p rocessors  a r e  those of aggregat ion and assignment. We study a method of 
parameterized aggregat ion t h a t  makes few assumptions about the workload. 
The mapping of aggregate  u n i t s  of work onto processors  i s  uniform, and ex- 
p l o i t s  l o c a l i t y  of workload i n t e n s i t y  t o  balance the unknown workload. I n  
gene ra l ,  a f i n e r  aggregate  g r a n u l a r i t y  l e a d s  t o  a b e t t e r  balance a t  the  
p r i ce  of increased  communi cat  ion/  s ync hroni  za t ion  c o s t s  ; t he  aggregat ion 
parameters can be ad jus ted  t o  f ind  a reasonable  g r a n u l a r i t y .  The ef-  
f ec t iveness  of t h i s  scheme i s  demonstrated on th ree  model problems: an 
adapt ive  one-dimensional f l u i d  dynamics problem using message passing , a 
spa r se  t r i a n g u l a r  l i n e a r  system so lve r  on both a shared memory and a 
message-passing machine , and a two-dimensional time-driven b a t t l e f i e l d  s i m -  
u l a t i o n  employing message passing. Using the  model problems we s tudy the  
t rade-offs  between balanced workload and the communieationlsynchronization 
cos t s .  F i n a l l y ,  we use an a n a l y t i c  model t o  expla in  why the  method 
balances workload and minimizes the var iance  i n  system behavior 

Ta'asan, Shlomo: MLLeXighid methodb doh bidacat.ion phoblem: The A&$ ad- 
j o i n t  cabe. ICASE Report No. 87-40, J u l y  6, 1987, 36 pages. Submitted t o  
SIAM J. Sci ,  S t a t i s t .  Comput. 

This  paper d e a l s  with mul t ig r id  methods f o r  computational problems t h a t  
arise i n  the theory of b i f u r c a t i o n  and i s  r e s t r i c t e d  t o  the s e l f  a d j o i n t  
case.  The bas i c  problem is  t o  so lve  f o r  a r c s  of s o l u t i o n s ,  a t a s k  t h a t  i s  
done success fu l ly  with an a r c  l eng th  cont inua t ion  method. Other important 
issues a r e ,  f o r  example, de t ec t ing  and l o c a t i n g  s ingu la r  po in t s  a s  p a r t  of 
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the  cont inua t ion  process ,  switching branches a t  b i f u r c a t i o n  po in t s ,  e t c .  
Mult igr id  methods have been appl ied t o  cont inua t ion  problems [BK],  [MI. 
These methods work w e l l  a t  regular  po in t s  and a t  l i m i t  po in t s ,  while they 
may encounter d i f f i c u l t i e s  i n  the v i c i n i t y  of b i f u r c a t i o n  poin ts .  A new 
cont inua t ion  method t h a t  i s  very  e f f i c i e n t  a l s o  near b i f u r c a t i o n  po in t s  is 
presented here.  The o the r  issues mentioned above are a l s o  t r ea t ed  very ef-  
f i c i e n t l y  with appropr i a t e  mul t igr id  a lgori thms.  For example, i t  i s  shown 
t h a t  l i m i t  po in t s  and b i f u r c a t i o n  po in t s  can be solved f o r  d i r e c t l y  by a 
mul t igr id  algorithm. Moreover, the  algori thms presented here solve the  
corresponding problems i n  j u s t  a few work u n i t s  (about 10 o r  l e s s ) ,  where a 
work u n i t  i s  the work involved i n  one l o c a l  r e l axa t ion  on the f i n e s t  g r i d .  

Erlebacher ,  G., S. H. Bokhari, and M. Y. Hussaini:  An e$$icient pa&&& 
dgoti - thrn 604 the h i r n d a Z i a n  0 4  thhee-dimenhioncd cornp4abible t&avlbi,tion 
on a 20 p4ocaao4 F l e x / 3 2  muXticomputek. ICASE Report No. 87-41, J u l y  16, 
1987, 19 pages. Submitted t o  AIAA J. 

The compressible,  three-dimensional,  time-dependent Navier-Stokes equa- 
t i o n s  are solved on a 20 processor Flex/32 computer. The code i s  a paral- 
l e l  implementation of an  e x i s t i n g  code opera t iona l  on the Cray 2 a t  NASA 
Ames which performs d i r e c t  s imula t ions  of the i n i t i a l  s t a g e s  of the t r a n s i -  
t i o n  process of wall-bounded flow a t  supersonic  Mach numbers. Spec t r a l  
co l loca t ion  i n  a l l  t h ree  s p a t i a l  d i r e c t i o n s  (Four ie r  along the p l a t e  and 
Chebyshev normal t o  i t )  insu res  high accuracy of the flow v a r i a b l e s .  By 
h id ing  most of the pa ra l l e l i sm i n  low l e v e l  rou t ines ,  the  casua l  user  is 
sh ie lded  from most of the  non-standard coding cons t ruc ts .  Speedups of 13 
ou t  of a maximum of 16 a r e  achieved on the  l a r g e s t  computational g r ids .  

Hariharan,  S. I. and P. R. Karbhari: COtnptLeddibLe hhVb?tL-%Oked eq .~diOm: A 
d,tudy 0 6  leading ed5e e4&ctb. ICASE Report No. 87-42, July 7, 1987, 26 
pages.  Submitted t o  J. Comput. Phys. 

In  t h i s  s tudy,  we have developed a computational method t h a t  allows 
numerical c a l c u l a t i o n s  of the time dependent compressible Navier-Stokes 
equat ions.  The c u r r e n t  r e s u l t s  concern a s tudy  of flow pas t  a semi- 
i n f i n i t e  f l a t  p l a t e .  Flow develops from given inf low condi t ions  upstream 
and passes  over the f l a t  p l a t e  t o  leave  the computational domain without  
r e f l e c t i n g  a t  the downstream boundary. Leading edge e f f e c t s  a r e  included 
i n  t h i s  paper. I n  add i t ion ,  s p e c i f i c a t i o n  of  a heated region which g e t s  
convected with the flow i s  considered. The time h i s t o r y  of t h i s  convect ion 
i s  obtained,  and i t  e x h i b i t s  a wave phenomena. 
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Fa toohi ,  Raad A. and Chester  E. Grosch: Imp.l?emen.taAion 06 an AUZ method on 
patLd.&L computehb, ICASE Report No. 87-43, July 14,  1987, 26 pages. 
Submitted to  J. Sci .  Comput. 

In  t h i s  paper we d i s c u s s  the implementation of an AD1 method for solv- 
ing the  d i f f u s i o n  equat ion  on three  p a r a l l e l / v e c t o r  computers. The 
computers were chosen so as t o  encompass a v a r i e t y  of a r c h i t e c t u r e s .  They 
are: the MPP, an SIMD machine with 1 6 K  b i t  ser ia l  processors;  FLEX/32,  an 
MIMD machine with 20 processors ;  and CRAY/2, an  MIMD machine with four  vec- 
t o r  processors.  The Gaussian e l imina t ion  algori thm is  used t o  so lve  a s e t  
of t r i d i agona l  systems on the FLEX/32 and CRAY/2 while  the c y c l i c  elimina- 
t i o n  algorithm is  used t o  solve these systems on the MPP. The implementa- 
t i o n  of the method i s  discussed i n  r e l a t i o n  t o  these  a r c h i t e c t u r e s  and 
measures of the performance on each machine a r e  given. Simple performance 
models are used t o  desc r ibe  the performance. These models h igh l igh t  the 
bo t t l enecks  and l i m i t i n g  f a c t o r s  f o r  t h i s  algorithm on these  archi-  
t ec tu re s .  F i n a l l y  conclusions a r e  presented. 

Funaro, D. and D. G o t t l i e b :  A new meXhod 06 impo6ing boundmy conckt ionb i n  
pbeudoapecttrd apptroximaXiona 0 6  hypetrbof ic equaXionb. ICASE Report No. 
-’ 87-44 July 15, 1987, 30 pages. Submitted t o  Math. Comp. 

A new method t o  impose boundary cond i t ions  f o r  pseudospectral  approxi- 
mations t o  hyperbol ic  equat ions  i s  suggested.  This method involves  t h e  
co l loca t ion  of the equat ion  a t  the boundary nodes a s  well as s a t i s f y i n g  
boundary condi t ions.  S t a b i l i t y  and convergence r e s u l t s  a r e  proven f o r  t he  
Chebyshev approximation of l i n e a r  s c a l a r  hyperbol ic  equat ions.  The eigen- 
va lues  of t h i s  method appl ied t o  parabol ic  equat ions  a r e  shown t o  be r e a l  
and negative.  

Er lebacher ,  G., T. A. Zang, and M. Y. Hussaini :  S p e C t h d  mLLetiglLid me$hOCfb 
604 t h e  solution 06 komogeneou . tmrbdence phoblemb. ICASE Report No. 87- 
- 4 5 ,  J u l y  16, 1987, 21 pages. Submitted t o  the Proc. of the Third Copper 
Mountain Conference on Mult igr id  Methods. 

New three-dimensional s p e c t r a l  mu1 t i g r i d  a lgori thms are analyzed and 
implemented t o  so lve  the  v a r i a b l e  c o e f f i c i e n t  Helmholtz equat ion,  P e r  
i o d i c i t y  i s  assumed i n  a l l  t h ree  d i r e c t i o n s  which l e a d s  t o  a Four ie r  collo- 
ca t ion  representa t ion .  Convergence r a t e s  a r e  t h e o r e t i c a l l y  pred ic ted  and 
confirmed through numerical tests. Residual averaging r e s u l t s  i n  a 
s p e c t r a l  rad ius  of 0.2 f o r  the v a r i a b l e  c o e f f i c i e n t  Poisson equat ion.  I n  
g e n e r a l ,  non-stat ionary Richardson must be used f o r  the Helmholtz equa- 
t ion .  The algori thms developed a r e  appl ied t o  the  large-eddy s imula t ion  o f  
incompressible i s o t r o p i c  turbulence.  



49 

Hall, P h i l i p  and Mujeeb R. Malik: The gkoWth 06 G6ktlek vok.ticeb i n  compked- 
b ib l e  boundmy l a y e m .  ICASE Report No. 87-46, August 18, 1987, 25 
pages. Submitted t o  Phys. Fluids.  

The l i n e a r  i n s t a b i l i t y  of Grtler v o r t i c e s  i n  compressible boundary 
l a y e r s  is  considered. Using asymptotic methods i n  the  high wavenumber 
regime, it is  shown t h a t  a growth r a t e  estimate can be found by so lv ing  a 
sequence of l i n e a r  equat ions .  The growth r a t e  obtained i n  t h i s  way t a k e s  
non-parallel  e f f e c t s  i n t o  account and can be found much more e a s i l y  than  by 
ord inary  d i f f e r e n t i a l  equat ion  eigenvalue c a l c u l a t i o n s  a s soc ia t ed  with 
p a r a l l e l  flow t h e o r i e s .  

Burns, John, Kazufumi I t o ,  and Georg Props t :  On non-convekgence 0 6  adj0in.t 
beMigkoupb 404 contkol bybtemb UriXh deeayb. ICASE Report No. 87-47, 
J u l y  24, 1987, 32 pages. Submitted t o  SIAM J. Control Optim. 

It is  shown t h a t  t he  a d j o i n t s  of a s p l i n e  based approximation scheme 
f o r  de l ay  equa t ions  do not  converge s t rong ly .  

Maday, Y., 
eLemen.t 
Ju ly  28,  

A. T. P a t e r a ,  and E. M. Ronquist: A lveee-pobed o p t i m a l  bpec tkd  
apphoximation d o t  $he Stoked pkoblem. ICASE Report No. 87-48, 
1987, 4 5  pages. Submitted t o  SIAM J. Numer. Anal. 

I n  t h i s  paper we propose a new method f o r  the s p e c t r a l  element simula- 
t i o n  of incompressible flow. This method c o n s i s t s  i n  a well-posed opt imal  
approximation of t he  s t eady  Stokes problem with no spurious modes i n  the 
pressure.  The r e s u l t i n g  method i s  analyzed, and numerical r e s u l t s  are pre- 
sented for a model problem. 

N i  c01, David M. and Paul F. Reynolds, Jr.: O p t i m a l  dynamic kemapping 06 
pcvr&el compcLtdions. ICASE Report No. 87-49, Ju ly  27, 1987, 38 pages. 
Submitted t o  IEEE Trans. Comput. 

A l a r g e  class o f  computations are cha rac t e r i zed  by a sequence of 
phases,  with phase changes occurr ing  unpredic tab ly .  We cons ider  t he  deci-  
s i o n  problem regard ing  the remapping of workload t o  processors  i n  a paral-  
l e l  computation when (i) the u t i l i t y  of  remapping and the  f u t u r e  behavior  
of the  m r k l o a d  is  u n c e r t a i n ,  and ( i i )  phases e x h i b i t  s t a b l e  execution re- 
quirements dur ing  a given phase, b u t  requirements may change r a d i c a l l y  
between phases. For t hese  problems a workload assignment generated f o r  one 
phase may hinder performance during the next phase. This problem i s  t r e a t -  
ed formally f o r  a p r o b a b i l i s t i c  model of computation with a t  most two 
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phases.  We address  the  fundamental problem of balancing the expected re- 
mapping performance g a i n  aga ins t  the  de lay  cos t .  

S tochas t i c  dynamic programming i s  used t o  show t h a t  the  remapping 
dec is ion  pol icy minimizing the  expected running time of the computation has 
an extremely simple s t r u c t u r e :  t h e  optimal dec is ion  a t  any dec i s ion  s t e p  
i s  followed by comparing the p r o b a b i l i t y  of remapping ga in  aga ins t  a 
threshold.  However, th reshold  c a l c u l a t i o n  r equ i r e s  a p r i o r i  es t imat ion  of 
the performance ga in  achieved by remapping. Because t h i s  g a i n  may not  be 
p red ic t ab le ,  we examine the  performance of a h e u r i s t i c  po l icy  t h a t  does not  
requi re  es t imat ion  of the  gain.  I n  most cases  we f ind  near ly  optimal p e r  
formance i f  remapping i s  chosen simply when the p r o b a b i l i t y  of improving 
performance by remapping is high. The heur i s t ic ’s  f e a s i b i l i t y  i s  demon- 
s t r a t e d  by i t s  use on an adapt ive  f l u i d  dynamics code on a multiproces- 
sor. Our r e s u l t s  suggest  t h a t  except i n  extreme cases ,  the remapping deci-  
s ion  problem i s  e s s e n t i a l l y  t h a t  of dynamically determining whether ga in  
can be achieved by remapping a f t e r  a phase change; prec ise  q u a n t i f i c a t i o n  
of the dec i s ion  model parameters i s  not  necessary.  Our r e s u l t s  a l s o  sug- 
g e s t  t h a t  t h i s  h e u r i s t i c  is app l i cab le  t o  computations with more than two 
phases . 

Nicol.  David M. : Petrhotrmance &aua dotr domain-otLiented 2ime-chhJen ch- 
2Gbuted bhnuXaXLonb: ICASE Report No. 87-50, Ju ly  31, 1987, 1 1  pages. 
Submitted t o  Proc. o f  the  1987 Winter Simulation Conference. 

It has long been recognized t h a t  s imula t ions  form an i n t e r e s t i n g  and 
important  c l a s s  of computations t h a t  may b e n e f i t  from d i s t r i b u t e d  o r  paral-  
l e l  processing. Since the point  of p a r a l l e l  processing i s  improved per- 
formance, t he  recent  p r o l i f e r a t i o n  of mul t iprocessors  r e q u i r e s  t h a t  we con- 
s i d e r  the performance i s s u e s  t h a t  n a t u r a l l y  a r i s e  when at tempting t o  imple- 
ment a d i s t r i b u t e d  s imulat ion.  Three such i s s u e s  are ( i )  the problem of 
mapping the s imula t ion  onto the  a r c h i t e c t u r e ,  ( i i )  the p o s s i b i l i t i e s  f o r  
performing redundant Computation i n  order  t o  reduce communication, and 
(iii) the  avoidance of  deadlock due t o  d i s t r i b u t e d  content ion f o r  message- 
bu f fe r  space. This  paper d i scusses  these  i s s u e s  i n  the contex t  of a bat- 
t l e f i e l d  s imula t ion  implemented on a m e d i u r s c a l e  mul t iprocessor  message- 
passing a r c h i t e c t u r e .  

Nicol.  David M. and J o e l  H. Sa l t z :  O p t i m d  ptre-acheduRing 06 ptobtem Re- 
mupphga. ICASE Report No. 87-52, September 18, 1987, 21 pages. submitted 
t o  1988 SIGMETRICS Conference. 

A l a r g e  c l a s s  of s c i e n t i f i c  computational problems can be charac te r ized  
a s  a sequence of s t e p s  where a s i g n i f i c a n t  amount of computation occurs  
each s t e p ,  but  the  work performed a t  each s t e p  is  not  n e c e s s a r i l y  i d e n t i -  
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c a l .  A good example of t h i s  type of computation i s  a regr idding  method 
which changes the  problem d i s c r e t i z a t i o n  during the course of the computa- 
t ion .  Recent work has inves t iga t ed  a means of mapping such computations 
onto message-passing p a r a l l e l  processors;  t h e  method de f ines  a family of 
s t a t i c  mappings wi th  d i f f e r i n g  degrees  of workload g r a n u l a r i t y .  For any 
g iven  s t e p ,  t h e  performance t r a d e o f f s  between load imbalance and communica- 
t ion /synchroniza t ion  overhead a r e  c o n t r o l l a b l e  by ad jus t ing  the  g r a n u l a r i t y  
parameters;  d i f f e r e n t  s t e p s  may run opt imal ly  with d i f f e r e n t  g ranu la r i -  
t ies .  Changing the  g r a n u l a r i t y  a t  run-time r equ i r e s  remapping the problem, 
w i t h  a p o t e n t i a l l y  h igh  de lay  c o s t .  This paper presents  a polynomial-time 
dynamic programming algori thm f o r  op t imal ly  changing the g r a n u l a r i t y  
parameters a t  run-time. The i s sues  and t rade-offs  involved a r e  i l l u s t r a t e d  
with a regridding model problem. 

Mavr ip l i s ,  D i m i t r i  and Antony Jameson: M d t i g d d  aokht ion  06 the Edeh  equa- 
Zion6 on um$huc,tuhed and adaptive m a h a .  ICASE Report No. 87-53, 
J u l y  28, 1987, 20 pages. Submitted t o  the Proc. of the 3rd Copper Mountain 
Mult igr id  Conference, A p r i l  1987. 

A mult igr id  a lgori thm has been developed fo r  solving the s teady-s ta te  
Euler  equat ions  i n  two dimensions on unstructured t r i a n g u l a r  meshes. The 
method assumes the va r ious  coarse  and f i n e  g r i d s  of the mul t igr id  sequence 
t o  be independent of one another ,  thus  decoupling the g r i d  gene ra t ion  
procedure from the  mu1 t i g r i d  algorithm. The t r a n s f e r  of v a r i a b l e s  between 
the  va r ious  meshes employs a t ree-search algorithm which r ap id ly  i d e n t i f i e s  
reg ions  of over lap  between coarse and f i n e  g r i d  c e l l s .  Finer  meshes are 
obtained e i t h e r  by regenerat ing new g l o b a l l y  r e f ined  meshes, o r  by 
adapt ive ly  r e f i n i n g  the previous coa r se r  mesh. For both cases ,  t h e  ob- 
served convergence r a t e s  are comparable t o  those obtained with s t r u c t u r e d  
mul t ig r id  Euler  so lve r s .  The adap t ive ly  generated meshes a r e  shown t o  pro- 
duce solutions of higher accuracy w i t h  fewer mesh points.  

Tadmor , E i  t a n  : The convehgence 06 hpecthd mettho& doh nantineah con4 ehvdion 
Laws.  ICASE Report No. 87-54, August 5, 1987, 23 pages. 

We d i scuss  the convergence of Four ie r  method f o r  s c a l a r  nonl inear  con- 
se rva t ion  laws which e x h i b i t  spontaneous shock d i s c o n t i n u i t i e s .  Numerical 
t e s t s  i n d i c a t e  t h a t  the  convergence may (and i n  f a c t  i n  some cases  must) 
f a i l ,  with o r  without post-processing of the numerical so lu t ion .  Ins tead  , 
we introduce here  a new kind of s p e c t r a l l y  accu ra t e  vanishing v i s c o s i t y  t o  
augment the Four ie r  approximation of such nonl inear  conservat ion laws. Us- 
i ng  compensated compactness arguments , we show t h a t  t h i s  s p e c t r a l  v i s c o s i t y  
prevents  o s c i l l a t i o n s  and convergence t o  the unique entropy s o l u t i o n  
fol lows.  
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Geer, James and Carl Andersen: A hybttid petLtmbaZion Gdehkin technique k t h  
appJkcation.6 t o  QLendetr body theotry. ICASE Report No. 87-55, August 5, 
1987, 57 pages. Submitted t o  STAM J. Appl. Math. 

A two-step hybrid perturbation-Galerkin method t o  so lve  a v a r i e t y  of 
appl ied  mathematics problems which involve a small parameter i s  present- 
ed. The method c o n s i s t s  o f :  (1) the use of a r egu la r  o r  s ingu la r  p e r  
t u r b a t i o n  method t o  determine the  asymptotic expansion of t he  s o l u t i o n  i n  
terms of the small parameter; (2)  cons t ruc t ion  of an approximate s o l u t i o n  
i n  the form of a sum of the pe r tu rba t ion  c o e f f i c i e n t  func t ions  mul t ip l i ed  
by (unknown) amplitudes (gauge f u n c t i o n s ) ;  and (3)  the use of the  c l a s s i c a l  
Bubnov-Galerkin method t o  determine these  amplitudes. This hybrid method 
has the p o t e n t i a l  of overcoming some of the  drawbacks of the pe r tu rba t ion  
method and the  Bubnov-Galerkin method when they a r e  appl ied  by themselves,  
while combining some of the  good f e a t u r e s  of both. The proposed method is 
appl ied  t o  some s i n g u l a r  pe r tu rba t ion  problems i n  s l ende r  body theory .  The 
r e s u l t s  obtained from the  hybrid method a r e  compared with approximate solu- 
t i o n s  obtained by o t h e r  methods, and the  degree of a p p l i c a b i l i t y  o f  the  
hybrid method t o  broader problem a r e a s  i s  d iscussed .  

Harten, A m i :  EN0 achemea &.th subcell  huoXuXion. EASE Report No. 87-56, 
August 19, 1987, 62 pages. Submitted t o  J. Comp. Phys. 

In  t h i s  paper,  we in t roduce  the  not ion  of subce l l  r e s o l u t i o n ,  which i s  
based on the  observa t ion  t h a t  un l ike  po in t  va lues ,  ce l l -averages  of a d is -  
continuous piecewise-smooth func t ion  con ta in  information about t h e  exac t  
l o c a t i o n  of t he  d i s c o n t i n u i t y  wi th in  the  cel l .  Using t h i s  observa t ion  we 
des ign  an e s s e n t i a l l y  non-osc i l la tory  (ENO) r econs t ruc t ion  technique which 
i s  exact f o r  c e l l  averages of d i scont inuous  piecewise-polynomial func t ions  
of the  appropr i a t e  degree.  Later on we i nco rpora t e  t h i s  new r e c o n s t r u c t i o n  
technique i n t o  Godunov-type schemes i n  order t o  produce a mod i f i ca t ion  of 
t he  EN0 schemes which prevents  t he  smearing of con tac t  d i s c o n t i n u i t i e s .  

didbehenti& equdionh. ICASE Report No. 87-57, August 26, 1987, 88 
pages. Submitted t o  the  American Socie ty  of Mechanical Engineers. 

A genera l  survey o f  g r i d  genera t ion  is  presented with a concern for un- 
ders tanding  why g r i d s  are necessary,  how they a r e  a p p l i e d ,  and how they  are 
generated.  After an examination of t h e  need f o r  such meshes, t h e  o v e r a l l  
a p p l i c a t i o n s  s e t t i n g  i s  e s t a b l i s h e d  wi th  a c a t e g o r i z a t i o n  of t he  v a r i o u s  
connec t iv i ty  p a t t e r n s .  This i s  s p l i t  between s t r u c t u r e d  g r i d s  and un- 
s t r u c t u r e d  meshes. Al toge ther ,  the  c a t e g o r i z a t i o n  e s t a b l i s h e s  the founda- 
t i o n  upon which g r i d  genera t ion  techniques a r e  developed. The two primary 
c a t e g o r i e s  a r e  a l g e b r a i c  techniques and p a r t i a l  d i f f e r e n t i a l  equat ion  tech- 



niques. These are each s p l i t  i n t o  bas i c  p a r t s ,  and accordingly a r e  in-  
d i v i d u a l l y  examined i n  some d e t a i l .  In the process ,  t h e  i n t e r r e l a t i o n s  
between the  va r ious  p a r t s  are accented. From the e s t a b l i s h e d  background i n  
the  primary techniques,  cons idera t ion  i s  s h i f t e d  t o  the  t o p i c  of i n t e r -  
a c t i v e  g r i d  genera t ion  and then t o  adapt ive  meshes. The s e t t i n g  f o r  adap- 
t i v i t y  i s  e s t ab l i shed  with a s u i t a b l e  means t o  monitor severe s o l u t i o n  be- 
havior.  Adaptive g r i d s  a r e  considered f i r s t  and a r e  followed by adapt ive  
t r i a n g u l a r  meshes. Then the cons idera t ion  s h i f t s  t o  the  temporal coupling 
between g r i d  gene ra to r s  and PDE-solvers. To conclude, a r e f l e c t i o n  upon 
the d i scuss ion ,  h e r e i n ,  i s  given. 

Keeling, Stephen L. : On h p f i c i t  Runge-Kutta meXhads 604 pahattee camputa- 
t h ~ v l s .  ICASE Report No. 87-58, September 2, 1987, 23 pages. Submitted t o  
BIT. 

I m p l i c i t  Runge-Kutta methods which a r e  well-suited f o r  p a r a l l e l  compu- 
t a t i o n s  are cha rac t e r i zed .  It is claimed t h a t  such methods a r e  f i r s t  of 
a l l ,  those  f o r  which the assoc ia ted  r a t i o n a l  approximation t o  the exponen- 
t i a l  has d i s t i n c t  po les ,  and these are c a l l e d  mul t ip ly  i m p l i c i t  (MIRK) 
methods. Also, because of the so-called order  reduct ion phenomenon, t h e r e  
i s  reason t o  r equ i r e  t h a t  these poles  be r ea l .  Then, i t  i s  proved t h a t  a 
necessary condi t ion  f o r  a q-stage, real  MIRK t o  be A-stable with m a x i m a l  
order  q + 1 i s  t h a t  q = 1, 2, 3, o r  5. Nevertheless ,  i t  i s  shown t h a t  
f o r  every p o s i t i v e  i n t e g e r  q ,  t h e r e  e x i s t s  a q-stage,  r e a l  MIRK which i s  
Ao-stable with order  q + 1, and f o r  every even q ,  t he re  i s  a q-s tage,  
real  MIRK which i s  I - s t ab le  with o rde r  q .  F i n a l l y  some usefu l  examples of 
a l g e b r a i c a l l y  s t a b l e  MIRK’s a r e  given. 

w i l d ,  Christian: Ana.ly4i.a and byn.tCzea-is 06 abbX&act dccta t typea  .thaaugh 
genea&zatian &am ex amp&^. ICASE Report No. 87-59, September 4, 1987, 
24 pages. Submitted t o  IEEE Trans. Software Engrg. 

The d iscovery  of genera l  p a t t e r n s  of behavior from a set  of 
input /output  examples can be a usefu l  technique i n  the automated a n a l y s i s  
and s y n t h e s i s  of sof tware systems. These genera l ized  d e s c r i p t i o n s  of the 
behavior form a set  of a s s e r t i o n s  which can be used f o r  v a l i d a t i o n ,  program 
s y n t h e s i s ,  program t e s t i n g ,  and run-time monitoring. Describing the  be- 
havior  is  cha rac t e r i zed  as a l ea rn ing  process  i n  which the set  of i npu t s  i s  
mapped i n t o  an  appropr ia te  transform space such t h a t  genera l  p a t t e r n s  can 
be e a s i l y  cha rac t e r i zed .  The l ea rn ing  algori thm must choose a t ransform 
func t ion  and d e f i n e  a subse t  of the transform space which is  r e l a t e d  t o  
equivalence classes of behavior i n  the  o r i g i n a l  domain. An algori thm f o r  
analyzing the  behavior of a b s t r a c t  d a t a  types  is presented and s e v e r a l  
examples are given. The use of the a n a l y s i s  f o r  purposes of program syn- 
t h e s i s  i s  a l s o  discussed.  
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Foias ,  C., 0. Manley, and R. Temam: v. i  the inteaacXion 06 bm& and Latcge 
eddies i n  XWo dimenAiond Xmbulent @om. ICASE Report No. 87-60, 
September 8 ,  1987, 44 pages. 

Our aim i n  t h i s  a r t i c l e  i s  t o  present  some r e s u l t s  concerning the in- 
t e r a c t i o n  of small and l a r g e  eddies  i n  two dimensional t u rbu len t  flows. We 
show t h a t  the amplitude of small s t r u c t u r e s  decays exponent ia l ly  t o  a small 
va lue ,  and we i n f e r  from t h i s  a s impl i f ied  i n t e r a c t i o n  law of small and 
l a r g e  eddies.  Beside t h e i r  i n t r i n s i c  i n t e r e s t  f o r  the understanding of the  
physics  of tu rbulence ,  these  r e s u l t s  lead  t o  new numerical schemes which 
w i l l  be s tudied i n  a sepa ra t e  work. 

Keeling, Stephen L. : Gdehhin/Runge-KutXa diacaetizatiot?h 6otl patLabofic 
eyuaXiow ULilth Xime dependent coe66ickenh. ICASE Report No. 87-61, 
September 9,  1987, 40 pages. Submitted t o  Math, Comp. 

A n e w  c lass  o f  f u l l y  d i s c r e t e  GalerkidRunge-Kutta methods i s  con- 
s t r u c t e d  and analyzed f o r  l i n e a r  parabol ic  i n i t i a l  boundary value problems 
with time dependent c o e f f i c i e n t s .  Unlike any c l a s s i c a l  coun te rpa r t ,  t h i s  
c l a s s  o f f e r s  a r b i t r a r i l y  h igh  o rde r  convergence while s i g n i f i c a n t l y  avoid- 
ing what has been c a l l e d  order  reduction. In  support  of t h i s  c la im,  e r r o r  
e s t ima tes  a r e  proved, and computational r e s u l t s  a r e  presented. Additional-  
l y ,  s ince  the time s tepping  equat ions  involve c o e f f i c i e n t  mat r ices  changing 
a t  each time s t e p ,  a preconditioned i t e r a t i v e  technique is  used t o  so lve  
the  l i n e a r  systems only approximately. Nevertheless , the  r e s u l t i n g  algo- 
ri thm is  shown t o  preserve the  o r i g i n a l  convergence r a t e  while using only 
the  order of work required by the  base scheme appl ied t o  a l i n e a r  parabol ic  
problem with time independent c o e f f i c i e n t s .  Furthermore , i t  i s  noted t h a t  
s p e c i a l  Runge-Kutta methods allow computations t o  be performed i n  para l le l  
s o  t h a t  the f i n a l  execut ion time can be reduced t o  t h a t  of a low o rde r  
method. 

Hussaini ,  M. Y. ,  D. A. Kopriva, and A. T. Pa te ra :  SpeCXhd C O & t O C & ~ O n  
rneXkoh. ICASE Report No. 87-62, September 10, 1987, 70 pages. Submitted 
t o  TMACS J. Numer. Anal. 

This  review covers  the theory  and a p p l i c a t i o n  of s p e c t r a l  co l loca t ion  
methods. Sect ion 1 d e s c r i b e s  the fundamentals,  and summarizes r e s u l t s  per- 
t a in ing  t o  s p e c t r a l  approximations of func t ions .  Some s t a b i l i t y  and con- 
vergence r e s u l t s  a r e  presented f o r  simple e l l i p t i c  , parabo l i c ,  and hyper- 
b o l i c  equat ions.  Appl ica t ions  of these  methods t o  f l u i d  dynamics problems 
are discussed i n  Sect ion 2. 
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Tal-Ezer, Hi l le l :  Poeyn0mia.t apptrOXimdiOn 06 &mct-ion6 a$ ma.i~Ceb and i.t6 
application t o  the bo.tuX.Lon 06 a 5enetra.t bqbtem u$ & n e m  equatiovls. ICASE 
Report No. 87-63, September 11, 1987, 46  pages. Submitted t o  SIAM J. 
Numer. Anal. 

Frequent ly ,  dur ing  the process of solving a mathematical model numeri- 
c a l l y ,  we end up wi th  a need to  ope ra t e  on a vec to r  v by an ope ra to r  
which can be expressed as f(A) while A i s  NxN mat r ix  (ex :  exp(A), 
s in(A),  A-'). Except f o r  very  simple ma t r i ces ,  it i s  imprac t ica l  t o  con- 
s t r u c t  the mat r ix  f (A)  e x p l i c i t l y .  Usually a n  approximation t o  i t  is 
used. In  the present  research ,  we develop an algori thm which uses  a poly- 
nomial approximation t o  f(A).  It is  reduced t o  a problem of approximat- 
ing f ( z )  by a polynomial i n  z while z belongs t o  the  domain D i n  
the  complex plane which inc ludes  a l l  the  eigenvalues  of A. This problem 
of approximation i s  approached by i n t e r p o l a t i n g  the func t ion  f ( z )  i n  a 
c e r t a i n  s e t  of p o i n t s  which i s  known t o  have some maximal p rope r t i e s .  The 
approximation thus achieved i s  "almost bes t  .I1 Implementing the  algori thm 
t o  some p r a c t i c a l  problems i s  descr ibed.  

Since a s o l u t i o n  t o  a l i n e a r  system Ax = b i s  x = A'lb, an 
i t e r a t i v e  s o l u t i o n  t o  i t  can be regarded a s  a polynomial approximation t o  
f(A) = A-I. Implementing our  algorithm i n  t h i s  case i s  descr ibed too. 

Roe, P. L. : Vihcont inuauh h o l u t i o n a  t o  hqperrbofic bqbzemb undetr opetratotr 
h p l i A X i n g .  ICASE Report No. 87-64, September 15, 1987, 34 pages. Sub- 
mi t ted  t o  SIAM J. Numer. Anal. 

Two-dimensional systems of l i n e a r  hyperbol ic  equat ions are s tudied  with 
regard t o  t h e i r  behavior under a s o l u t i o n  s t r a t e g y  t h a t  i n  a l t e r n a t e  t i m e -  
s t e p s  so lves  e x a c t l y  t h e  component one-dimensional opera tors .  The i n i t i a l  
d a t a  i s  a s t e p  func t ion  across an o b l i q u e  d i scon t inu i ty .  The manner i n  
which t h i s  d i s c o n t i n u i t y  breaks up under repeated app l i ca t ions  of the  s p l i t  
ope ra to r  i s  analyzed, and it  is  shown t h a t  the s p l i t  so lu t ion  w i l l  f a i l  t o  
match the t rue  s o l u t i o n  i n  any case  where the  two ope ra to r s  do not  share  
a l l  t h e i r  e igenvectors .  The s p e c i a l  case of the f l u i d  flow equat ions  i s  
analyzed i n  more d e t a i l ,  and it is  shown t h a t  a r b i t r a r y  i n i t i a l  d a t a  g i v e s  
rise t o  ''pseudo acous t i c  waves" and a non-physical s t a t i o n a r y  wave. The 
impl i ca t ions  of  t hese  f ind ings  f o r  the des ign  of high-resolut ion computing 
schemes a r e  d iscussed .  

Arens tor f ,  Norbert S .  and Harry F. Jordan: Compa.4hg b d e t r  dgo lL i thn6 .  
ICASE Report No. 87-65, September 17, 1987, 39 pages. To be submitted t o  
P a r a l l e l  Computing and/or  J. P a r a l l e l  and Dis t r ibu ted  Computing. 
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A b a r r i e r  is  a method fo r  synchronizing a l a r g e  number of concurrent  
computer processes.  Af te r  consider ing some bas i c  synchronizat ion mecha- 
nisms, a c o l l e c t i o n  of b a r r i e r  a lgori thms with e i t h e r  l i n e a r  o r  logari thmic 
depth w i l l  be presented.  A g raph ica l  model i s  descr ibed t h a t  p r o f i l e s  the  
execut ion of the  b a r r i e r s  and o the r  p a r a l l e l  programming cons t ruc ts .  This 
model shows how the  i n t e r a c t i o n  between the  b a r r i e r  a lgori thms and the work 
t h a t  they synchronize can impact t h e i r  performance. One r e s u l t  i s  t h a t  
logar i thmic  t r e e  s t r u c t u r e d  b a r r i e r s  show good performance when synchroniz- 
ing f ixed l e n g t h  work, while l i n e a r  self-scheduled b a r r i e r s  show b e t t e r  
performance when synchronizing f ixed  l eng th  work with an imbedded c r i t i c a l  
s ec t ion .  The l i n e a r  b a r r i e r s  a r e  b e t t e r  ab le  t o  e x p l o i t  the process  skew 
assoc ia ted  with c r i t i c a l  sec t ions .  Timing experiments,  performed on an 
e ighteen  processor Flex/32 shared memory mul t iprocessor ,  t h a t  support  these 
conclusions a r e  d e t a i l e d .  

Se th ian ,  James A. and Stan ley  Osher: Fh0n.b ptropagating d t h  cwLv&wLe 
dependent &peed: AegotiZhms b a e d  on Hanieton-Jacobi Fotrrndationc, . -- ICASE 
Report No. 87-66, September 2 4 ,  1987 ,  53 pages.  Submit ted  to  J. Comput. 
Physics.  

We devise  new numerical a lgori thms,  c a l l e d  PSC a lgor i thms,  f o r  follow- 
ing f r o n t s  propagating with curvature-dependent speed. The speed may be an  
a r b i t r a r y  func t ion  of cu rva tu re ,  and the  f r o n t  can a l s o  be pas s ive ly  ad- 
vected by an underlying flow. These algori thms approximate the equat ions  
of motion, which resemble Hamilton-Jacobi equat ions  with parabol ic  r igh t -  
hand-sides , by using techniques from the  hyperbol ic  conservat ion laws. 
Non-oscil latory schemes of var ious  o r d e r s  of accuracy a r e  used t o  so lve  the  
equat ions ,  providing methods t h a t  accu ra t e ly  capture  the formation of sha rp  
g r a d i e n t s  and cusps i n  the  moving f r o n t s .  The a lgor i thms handle topologi- 
c a l  merging and breaking n a t u r a l l y ,  work i n  any number of space dimensions 
and do not r equ i r e  t h a t  the moving su r face  be w r i t t e n  as a func t ion .  The 
methods can be a l s o  used f o r  more genera l  Hamilton-Jacobi-type problems. 
We demonstrate our a lgori thms by computing the s o l u t i o n  t o  a v a r i e t y  of  
s u r f a c e  motion problems. 

Bay l i s s ,  A., D. G o t t l i e b ,  B. J. Matkowsky, and M. Minkoff: An adaptive 
pbeudo-dpeOftral method 604 tteacxion diddubion ptrobtem . 
87-67. October 1, 1987. Submitted t o  J. Comput. Physics.  

ICASE Report No. 

We consider  the  s p e c t r a l  i n t e r p o l a t i o n  e r r o r  f o r  both Chebyshev pseudo- 
s p e c t r a l  and Galerkin approximations. We develop a family of  f u n c t i o n a l s  
I r ( u ) ,  with the proper ty  t h a t  the  maximum norm of the e r r o r  i s  bounded by 
I r ( u ) / J r  where r i s  an i n t e g e r  and J i s  the  degree of t he  polynomial 
approximation. These func t iona l s  are used i n  an adaptive procedure whereby 
t h e  problem is dynamically transformed so as t o  minimize I r ( u ) .  The 
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number of co l loca t ion  po in t s  i s  then chosen so as t o  main ta in  a prescr ibed  
e r r o r  bound. The method is i l l u s t r a t e d  by va r ious  examples from combustion 
problems i n  one and two dimensions. 



ICASE COLLOQUIA 

A p r i l  1, 1987 through September 30, 1987 

A p r i l  9 Professor William k e s ,  Georgia I n s t i t u t e  of Technology: 
Gaoup Theoay and Camputa2ion 

Apri l  10 Professor William h e s ,  Georgia I n s t i t u t e  of Technology: 
AncLeybh 06 F l u i d  EquaXionb b y  Gtroup Method 

Apri l  13 Dr. K o w ,  fijii, NASA Ames Research Center: V04ticUk F l o w  
S.Lmd&ions b i n 5  the  Thnee-Vimevl6iond Naviea-Stohea Equa- 
t i o n s  

April 13 Professor Y. Ham, Ecole Nat ionale  Superieure d e  Mechanique , 
Nantes,  France: 2-0 Navielr Stoke4 Catcutations 6 0 4  1ntenna.t 
PaobLem 

Apri l  15 Professor James Geer, S t a t e  Univers i ty  of New York: A 
ff ybaid Pe4,Whz.tion Galeakin Technique d t h  A p p l i c d i o n a  t o  
Seendetr Body  Theoay and Same Two Point Boundrry Value Paob- 
&em 

Apri l  17 E k e  David Ashpis, Case Western Reserve Universi ty:  Tke 
Vibaating Ribbon Paoblem - Revbi ted  

Apri l  29 Professor John Irtmley, Cornel l  Univers i ty :  The V y n d u  06 
t he  W a t t  Region 06 a T u b d e n t  Boundmy Layetr 

Apri l  30 Lt.  ail Beran, Air Force I n s t i t u t e  of Technology: Numebi- 
cat S i m L L e a t i o ~  0 6  TaaiLing Voatex BwcaXin5 

11 Dr. moon S. lbn, Massachusetts I n s t i t u t e  of Technology: 
Computation 06 Thaee-Vimenbiond U o u u  hoe Voa$icUk Flow b - 
ing Mdti -Vornaina Spectaat Method 

% Y  13 ~ r .  Nark Mmkovin, Sadace Roughneb6 -- The Majoa Taansi t ion 
I Puzzle 

14 Dr, Peter Protzel, ICASE: R d a b a i t y  06 CompLLtea and 
Communication Netwoab w i t h  f f i e a m c h i c d  Stauctme 
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May 18 

& Y  21 

Ma Y 26 

June 12  

June 15 

J u l y  1 

J u l y  10 

July 20 

J u l y  27 

J u l y  28 

J u l y  29 

August 3 

Professor C. H. Corcos, Univers i ty  of C a l i f o r n i a ,  
Berkeley : Thlree Vimemiond ZnstabU-ty i n  Mixing Layem 
and Within Vohticeh 

Professor A. Zebib, Rutgers Univers i ty :  S t a b U & j  06 
ViAcoub Flow P a t  a C i r t C d a X  Cylindert 

Us. Nami Decker, Univers i ty  of  Wisconsin - Madison: The 
FowLieh A n d y a d  06 a Mul t ig lC id  PrteeonckZLonert 

Professor Kunio Kuwahara, The I n s t i t u t e  of Space and Astro- 
n a u t i c a l  Science, Tokyo, Japan: Simulation 0 6  VorC;tex Intert- 
action Behind a Beudd Body 

MS. Julia Abrahams, Springer-Verlag Pub l i she r s :  The DLbt lCi-  
bution 06 $he Maximum 06 P&iccCem Random fi&h 

Professor Robert McCormack, Stanford Univers i ty :  N u m e ~ c d  
SoluXion ad t he  Navielr-Stokeis EquuXiom with Chemic& and 
Themat NonecjuLtiblCium 

Professor Alvin Bayliss, Northwestern Univers i ty :  An 
Adaptive Pb eudo-Spectrtat Method and the  Computation 06 Bi- 
btable Cei%.dak Flameb 

Dr. Eleinz-Otto Kreiss, Univers i ty  of  Uppsala, Sweden: On 
the  S m a t t e s t  Scate 0 6  MoXLons 06  t h e  V.hcoud Zncomplrubible 
Naviek-Stoke6 Equation and the Relation t o  Dynamicat Sybtem 

Wmetrius Papageorgiou, Courant I n s t i t u t e  of Mathematical 
Sciences:  S t a b i X i t y  06 t he  Wake Behind a F l a t  Plate Placed 
Pmattel $0 a Uniholrm Strteam 

Professor David R a t t ,  Univers i ty  of Washington: Compulta- 
t i o n d  Combub t i o n  

Dr. Richard Carter, Rice Univers i ty :  A Geob&y Convekgent 
fmnewolrk 604 Applying an Expelrt Sybtem Apprtoach t o  O p t i m i -  
zation 

Dr, Bruno Stoufflet, Avions Marcel Dassaul t ,  France: 
C m e n t  Wolrk in Cornpu-ta-tional F l u i d  Vynamicn uX Avions 
Mmcel V u 4  d t ,  Flrance 
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August 

August 

August 

August 

August 

August 

Se p t ember 

6 

7 

10 

12 

17 

20 

8 

September 10 

September 18 

September 25 

Professor Eitan Tadmor, Tel-Aviv Univers i ty :  Non- 
ObCd%ltOhy Centhd Diddetencing 6011. HypeahoLLc Conseav~ion 
1 W  

Dr. Laurette Tuckerman, Univers i ty  of  Texas - Austin:  
N u m e ~ c d  Study 06 Convection in a Cyfindhicd Geometty: 
The Btreakcng 06 Ax& ymmetay 

Dr. B. S. Mukunda, NASA Langley Research Center: Recent 
Redeartch on Reacting Ftom 

MS. Sharon Fhckerrell ,  Unive r s i ty  of Exeter ,  England: The 
NonLineatr Gaowth and Thtee-Dimenbiond Time-Dependent Baeak- 
down 06 GorrMea Voaticed 

Mark Stewart, Pr ince ton  Univers i ty :  Subdivhion 06 G e O -  
metlLic&y Complex Domctin.6 a a Padude t o  Ghid GenetaZion 

Professor Eitan Tadmor, Tel-Aviv Univers i ty :  The Con- 
verrgence 06 the  Spe~O~tae Vhcobity Me..thod 6oa N o f i n e m  Con- 
b e w d i o n  L c m  

Professor Stephen k v i s ,  Northwestern Univers i ty :  
i t y  06 Stagna t ion-Po in t  Ftow 

Inbtabi& 

Professor K. G. Roesner, Technische Hochschule Darmstadt, 
West Germany: VotLtex FatmaZion i n  Clobed Cavity FLoWb 

R)r. Joseph A. Fisher, Multiflow Computer, Inc.: M & i S t O U )  
Taace ScheduRing Computem 
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ICASE SUmER ACTIVITIES 

The summer program f o r  1987 included the following v i s i t o r s :  

NAME/AFFILIATTON 

Abarbanel, Saul 
Te 1-Av i v  Un ive r s i ty  

Adams, Jhyce 
Un ive r s i ty  of Washington 

Augenbaum, J e f f r e y  M. 
Un i v e r s i  t y o f Conne c t i c u t  

Banks, H. Thomas 
Brown Univers i ty  

Baras,  John S. 
h i v e  r s i t  y of Mar y l  and 

B a y l i s s ,  Alvin 
Northwestern Univers i ty  

Bennighof , J e f f r e y  K. 
Univers i ty  of Texas, Austin 

Bokhari, Shahid H. 
Pakis tan  Univers i ty  of 

Engineering and Technology 

B r e w e r ,  Dennis 
University of Arkansas 

Burns, John A. 
Vi rg in ia  Polytechnic I n s  t i t U t e  

and S t a t e  Un ive r s i ty  

Canuto, Claudio 
Palazzo d e l l ‘  Univers i ty  

I t a l y  

Cekirge, H. M. 
Un ive r s i ty  of Pe t r o l e m  

and Minerals 

Chan, Tony F. 
Un ive r s i ty  of Ca l i fo rn ia ,  LA 

DATE OF VISIT 

8/17 - 10/15 

7/20 - 7/31  

8/10 - 8 / 2 1  

6 / 1  - 6/12  

6/8 - 6/12 

8 /10  - 8/15 
8/30 - 9 / 4  

6 / 8  - 6/12 

4/29 - 6/4 

6/8 - 6 / 2 6  

6/8 - 6/12 

6/15 - 6/23 

7 / 1  - 7 / 3 1  

8/10 - 8/14 

AREA OF INTEREST 

Computational F lu id  
Dynamics 

Numerical Methods f o r  
P a r a l l e l  Computing 
Systems 

Adaptive Cheb yshev 
Methods f o r  PDE’s 

Control Theory 

Cont ro l  Theory 

Numerical Methods f o r  
Fluid Flow and 
Acoustic s 

Control Theory 

P a r a l l e l  and 
Dis t r ibu ted  Computing 

Cont ro l  Theory 

Contro l  Theory 

Approximation of 
PDE’s by Spec t r a l  
Methods 

Computational Methods 
f o r  E l a s t i c i t y  and 
Fluid Dynamics 

Pa r a 1  1 e 1 Al gor  i t hm s 
f o r  PDE’s 
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NAME/AFFILIATION 

Chen, Marina 
Yale Universi ty  

DATE OF VISIT 

6/17 - 6/19  

Cowley, Stephen 8 /3  - 9 /18  
Imperial  College of Science 

and Technology 
England 

Crowley, James M. 
A i r  Force Off ice  of 

618 - 6/12 

S c i e n t i f i c  Research 

Duck, Pe ter  W. 
Univers i ty  of Manchester 

6/22 - 7/17 

England 

Funero, Daniele 6 / 2 9  - 7 / 1 7  

Univers i ty  of Pavia,  I t a l y  
and Brown Universi ty  

Gibson, J. Steven 
Univers i ty  of Ca l i fo rn ia ,  LA 

618 - 6/19 

G o t t l i e b ,  David 
Brown Universi ty  

Greenbaum, Anne 
Courant I n s t i t u t e  

5/11  - 8/20 

7 /20  - 7/24 

Hal l ,  P h i l i p  6/29 - 8/15  
Fxeter  Univers i ty ,  England 

Hariharan,  Subramaniya I. 
Univers i ty  of Akron 

5/26 - 6/5 
8 /17  - 8 / 2 1  

Harten,  Amiram 
T e 1-Av i v  Un ive  r s 3 t y 

I s r a e l  

6 /15  - 713 
8/15 - 9 / 1 2  

Herbert  , Thorwald 6/15 - 7 /31  

Virgin ia  Polytechnic  I n s t i t u t e  
and S t a t e  Univers i ty  

Hirsch,  Richard S .  7/27 - 8/7 

John Hopkins Univers i ty  

AREA OF INTEREST 

Very High Level 
Language f o r  P a r a l l e l  
Proce s s ing  

Computational Fluid 
Dynamics 

Control Theory 

Numerical Solu t ion  of 
Unsteady Boundary 
Layer Equation 

Numeric a1 Sol u t  ion  
o f  PDE's by Spec t ra l  
Methods 

Control  Theory 

Numerical Methods fo r  
PDE' s 

Numerical Methods f o r  
PDE's 

Computational Fluid 
Dynamic s 

Computational 
Acoustic s 

Numerical Methods f o r  
PDE e s 

Computational F1 uid 
Dynamics 

Numerical Methods f o r  
PDE's 
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NAME/AFF ILIATION 

Inman, Daniel J. 
S t a t e  Univers i ty  of New York 

Is rael  i , Mo she 
Prince ton Universi ty  

I t o ,  Kazufumi 
Brown Univers i ty  

Jacobs,  Marc Q. 
Univers i ty  of Missouri 

Jacobson, Clas A. 
Northeast  ern Univer s i  t y 

Kapi la ,  Ashwani 
Univers i ty  of Minnesota 

Keyes, David E. 
Yale Univers i ty  

Kohn, Robert V. 
Courant In s t it u t  e 

Kreiss, Heinz-Otto 
Ca l i fo rn ia  I n s t i t u t e  

o f Te c hnol og y 

Lamm, P a t r i c i a  D. 
Southern Methodist Un ive r s i ty  

MacCormack, Robert W. 
Stanford Universi ty  

MacKerrell ,  Sharon 0. 
Univers i ty  of Exe ter  

England 

Maday, Yvon 
Universi  t e Pierre 

e t  Marie Curie,  France 

Mc C 1  aug h l  i n ,  Jo yc e R. 
Rensselaer Polytechnic  I n s t i t u t e  

DATE OF VISIT 

6/8 - 6/12 

6 /8  - 6 /19  
8 / 3  - 8 /28  

6/9 - 6/12 

6/8 - 6/12 

6/8 - 6/12 

7 /14  - 7/31 

8 /3  - 8 /21  

6 / 8  - 6 / 1 2  

7 /16  - 7/20 

6/8 - 6/12 

6/22 - 7/3 

7/7 - 8/22 

7/13 - 7/31 

6/9 - 6/11 

AREA OF INTEREST 

Numerical Nethods for 
Inverse Problems 

Computational F1 uid 
Dynamics 

Control Theory 

Control  Theory 

Control  Theory 

Ma thema t i ca l  Aspects 
of Combust ion  
P r  oces se  s 

P a r a l l e l  Methods 
Appropriate For 
Combustion Problems 

Control Theory 

Numerical Solu t ion  
of PDE s 

Control  Theory 

Numerical Methods f o r  
Hypersonic Flows 

I n s  t a b i l  i t y  
Trans i t i ons  i n  
Boundary Layer Flows 

Analysis of Spec t ra l  
Methods 

Control Theory 



AREA OF INTEREST DATE OF VISIT 

716 - 7/24 
NAME/ AE'F ILIATION 

Programming Language s 
f o r  Multiprocessor 
systems 

Me hro t ra , Pi yush 
J?urdue Univers i ty  

618 - 6/12 

7/20 - 7/31 

Control Theory Murphy, Katherine A. 
Un ive r s i ty  of North Caro l ina  

Numerical Methods for 
P a r a l l e l  Computing 
Systems 

Ong, El izabe th  G. 
Un i v  e r s i t y of Wash i ng ton 

Numerical Techniques 
f o r  Problems i n  
Fluid Dynamics 

8/30 - 914 Osher, Stanley J. 
Unive r s i ty  of C a l i f o r n i a ,  LA 

Algorithms f o r  
Para l le l  Array 
Corn put e r s 

5/18 - 8/14 Patrick, Metre11 L. 
Duke Univers i ty  

Performance of 
P a r a l l e l  and 
Di s t r ibu ted  Systems 

813 - 817 Reed, Daniel A. 
Un ive r s i ty  of Ill i no  i s  

Computational F lu id  
Dynamics 

716 - 7/17 

7/13 - 8/11 

Reed, Helen 
Arizona S t a t e  Un ive r s i ty  

Computational F1 uid 
Dynamics 

Roe, P h i l i p  L. 
Royal A i r c r a f t  Establishment 

England 

618 - 6/19 Numerical Methods for 
Problems i n  Control 
Systems 

Rosen, I. Gary 
Un ive r s i ty  of Southern CA 

5/14 - 5/28 
6/17 - 711 
7/20 - 817 

Analysis of Automated 
Para l le l  Problem 
Mapping S t r a t e g i e s  

S a l t z ,  Joe l  H. 
Yale Univers i ty  

618 - 6/12 Contro l  Theory S a s t r y ,  Shankar 
Univers i ty  of C a l i f o r n i a  

Be r ke 1 e y 

I t e r a t i v e  Para l le l  
Methods f o r  
Linear Sys tems 

5/26 - 612 Saylor ,  Paul 
Univers i ty  of I l l i n o i s  

618 - 6/12 Control Theory Spong, Mark W. 
Unive r s i ty  of I l l i n o i s  
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NAME/ AFF I L  IATI  ON 

S tewar t ,  Mark E. 
Pr ince ton  Univers i ty  

Tadmor, E i t a n  
Te 1-Av i v  Un ive r s i ty  

I s r a e l  

Tal-Ezer, Hi l le l  
T e  1 -Av i v  Univers i ty  

Israel  

Temam, Roger 
Un ive r s i t e  de Paris-Sud 

France 

Tuminaro, Ray 
Stanford Univers i ty  

Turke l ,  E l i  
Te 1-Av i v  Univers i ty  

I s r a e l  

DATE OF VISIT 

6/15 - 8/21 

716 - 9/17 

8 /24  - 9/11 

7/27 - 8/22 

8/10 - 8/14 

6/22 - 9/18 

van h e r ,  Bram 716 - 8/14 
Univers i ty  of Michigan 

Van Rosendale, John 
Un ive r s i ty  of Utah 

716 - 7/24 

Vidyasagar, M. 618 - 6/12 
University of Waterloo 

Canad a 

Young, David M. 7/20 - 7/26 
Unive r s i ty  of Texas, Austin 

AREA OF INTEREST 

Computational Fluid 
Dynamics - Grid 
Generation 

Numerical Method f o r  
PDE's 

Spec t r a l  Methods f o r  
PDE' s 

Numerical Methods f o r  
PDE s 

P a r a l l e l  Computation 
of PDE's 

Computational Fluid 
Dynamics 

Computational Fluid 
Dynamics 

P a r a l l e l  Processing 
Systems 

Cont ro l  Theory 

Numerical Methods for 
PDE' s 
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OTHER ACTIVITIES 

A workshop on I d e n t i f i c a t i o n  and Control hosted by ICASE was held 

June 8-12, 1987 a t  ICASE, NASA Langley Research Center. P a r t i c i p a n t s  gave 

informal p re sen ta t ions  o u t l i n i n g  t h e i r  research  i n t e r e s t s  and recent  

r e s u l t s .  Seventeen researchers  were i n v i t e d  t o  speak and a r e  l i s t e d  below: 

H. Thomas Banks - Brown Univers i ty  

John So Baras - Unive r s i ty  of Maryland 

Jeffrey K. Bennighof - Unive r s i ty  of Texas - Austin 

Dennis Brewer - Unive r s i ty  of  Arkansas 

John A. Wtrns - V i r g i n i a  Polytechnic  I n s t i t u t e  and S t a t e  Univers i ty  

James M. Crowley - A i r  Force Off ice  of S c i e n t i f i c  Research 
J. Steven Gibson - University of C a l i f o r n i a ,  h s  Angeles 

Kazufumi It0 - Brown Univers i ty  

Marc Q. Jacobs - Unive r s i ty  of Missouri  

Qas A. Jacobson - Northeas te rn  Univers i ty  

Robert V, b h n  - Courant I n s t i t u t e  

Patricia D. Law - Southern b t h o d i s t  Univers i ty  

Joyce R. HcClauglilin - Rensse laer  Polytechnic  I n s t i t u t e  

Katherine A. Murphy - Unive r s i ty  of North Caro l ina ,  Chapel Hill 

Shankar Sastry - Unive r s i ty  of  C a l i f o r n i a ,  Berkeley 

Hark W. Spong - Unive r s i ty  of I l l i n o i s  

Pi. Vidyasagar - Unive r s i ty  of Waterloo, Canada 
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ICASE STAFF 

I. AMINISTRATIVE 

Robert G. Voigt, Di rec tor  
Ph.D., Mathematics, Univers i ty  of Maryland, 1969 
Numerical and Algorithms f o r  P a r a l l e l  Computers 

Linda T. Johnson, Off i c e  and Financia l  Administrator 

E t t a  M. B la i r ,  Personnel/Bookkeeping Secre ta ry  

Barbara A. Cardasis ,  Adminis t ra t ive Secre ta ry  

Holly D. Jop l in ,  Off ice  Ass i s t an t  
( J u l y  through August 1987) 

Te r ry  S. L e a v i t t ,  Technical Publications/Summer Housing Secre ta ry  
(Through August 1987) 

Barbara R. Stewart ,  Technical Publ ica t ions  Secre ta ry  

Emily N. Todd, Executive Sec re t a ry /Vi s i to r  Coordinator 

11. SCIENCE COUNCIL for APPLIED MATHEMATICS and CCXWTER SCIENCE 

Bruce Arden, Dean, College of Engineering and Applied Science, Univers i ty  of 
Rochester.  

Andrew J. Ca l l ega r i ,  D i rec to r ,  Theore t ica l  & Mathematical Sciences Laboratory,  
Exxon Research & Engineering Company. (Through December 1987) 

John Hopcroft ,  Joseph C. Ford Professor  of Computer Science,  Cornel1 
Universi ty .  

Herbert  Ke l l e r ,  P ro fes so r ,  Physics ,  Mathematics and Astronomy, Ca l i fo rn ia  
I n s t i t u t e  of Technology. (Through December 1987) 

S tan ley  J. Osher, Professor ,  Mathematics Department, Univers i ty  of Ca l i fo rn ia .  

Werner C.  Rheinboldt,  Andrew W. Mellon Professor ,  Department of Fathematics 
and S t a t i s t i c s ,  Univers i ty  of P i t t sburgh .  

John Rice, Head, Department of Computer Science,  Purdue Universi ty .  

Burton Smith, Super Computing Research Center, I n s t i t u t e  f o r  Defense Analysis.  

Robert G. Voigt, Di rec tor ,  I n s t i t u t e  f o r  Computer Applicat ions in Science and 
Engineering, NASA Langley Research Center. 
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111. ASSOCIATE MBHBERS 

Saul S .  Abarbanel, P ro fes so r ,  Department of Applied Mathematics, Tel-Aviv 
Universi ty ,  I s r a e l .  

H. Thomas Banks, P ro fes so r ,  Divis ion of Applied Mathematics, Brown Universi ty .  

David Got t l ieb ,  Professor ,  Divis ion of Applied Mathematics, Brown Universi ty .  

P e t e r  D. Lax, Professor ,  Courant I n s t i t u t e  of Mathematical Sciences,  New York 
Universi ty .  

Merrell L. P a t r i c k ,  Profesqor ,  Department of Computer Science,  Duke 
Universi ty .  

IV. CHIEF SCIENTIST 

M. Yousuff Hussaini - Ph.D., Mechanical Engineering, Univers i ty  of Ca l i fo rn ia ,  
1970, Computational Fluid Dynamics. (Beginning Apr i l  1978) 

V. SENIOR STAFF SCIENTIST 

Charles  G. Spez ia le  - Ph .D., Aerospace and Mechanical Sciences,  Pr inceton 
Univers i ty ,  1978. Fluid Dynamics with Emphasis on Turbulence Modeling and the  
T r a n s i t i o n  Process .  (September 1987 t o  September 1990) 

VI. SCIENTIFIC STAFF 

Richard G. Ca r t e r  - Ph.D., Numerical Analysis ,  Rice Univers i ty ,  1986. Numeri- 
cal  Methods f o r  Optimization Problems. (September 1987 t o  September 1989) 

Thomas W. Crocket t  - B.S., Mathematics, College of W i l l i a m  and Mary, 1977. 
P a r a l l e l  Systems Research. (February 1987 t o  February 1989) 

Naomi Decker - Ph .D., Mathematics, Univers i ty  of Wisconsin-Madison, 1987, 
Mult igr id  Method Applied t o  Hyperbolic Equations , (September 1987 t c  
September 1989) 
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Pravi r  K. Dutt - Ph.D., Mathematics, Univers i ty  of Ca l i fo rn ia ,  Los Angeles, 
1985. Numerical Analysis r e l a t e d  t o  Navier-Stokes Equations. ( J u l y  1985 t o  
September 1987) 

David Kamowitz - Ph.D., Computer Science,  Univers i ty  of Wisconsin, Madison, 
1986. I t e r a t i v e  Methods f o r  Numerical Solu t ions  of P a r t i a l  D i f f e r e n t i a l  Equa- 
t i o n s .  (September 1986 t o  September 1988) 

Stephen L. Keeling - Ph.D., Mathematics, Univers i ty  of Tennessee, 1986. 
Analysis  of Methods f o r  the  Solu t ion  of Parabol ic  P a r t i a l  D i f f e r e n t i a l  Equa- 
t i ons .  (September 1986 t o  September 1988) 

Fumio Kojima - Ph.D., Control Theory, Kyoto Univers i ty ,  Japan, 1985. Proba- 
b i l i s t i c  and S tochas t i c  Methods f o r  Optimal Control Problems. (September 1986 
t o  September 1988) 

Chr i s  Chen-Hsing Ma - Ph.D., Control Theory, Univers i ty  of Waterloo, Ontar io ,  
Canada, 1986. Numerical Technique f o r  Problems i n  Adaptive Control .  ( Ju ly  
1986 t o  J u l y  1987) 

D i m i t r i  Mavripl is  - Ph .Do ,  Mechanical and Aerospace Engineering, Pr ince ton  
Univers i ty ,  1988 Grid Techniques for Computational Fluid Dynamics. (February 
1987 t o  February 1989) 

Nessan Mac Gio l l a  Mhuiris - Ph.D., Theore t ica l  and Applied Mechanics, Cornel1 
Univers i ty ,  1986. Theore t ica l  and Numerical Models of Vortex Breakdown. 
(October 1985 t o  September 1988) 

David J. Middleton - Ph.D., Computer Science,  Univers i ty  of North Caro l ina ,  
1986. Design of P a r a l l e l  Computing Systems. (November 1986 t o  November 1988) 

Vi j ay  K. Naik - M.S., Mechanical Engineering, Univers i ty  of F l o r i d a ,  1982. 
AM., Computer Science,  D u k e  Universi ty ,  1984. Paral le l  Processing, C o m p u t a -  
t i o n a l  F lu id  Dynamics. (August 1984 t o  December 1988) 

David M. Nicol - Ph.D., Computer Science,  Univers i ty  of Vi rg in ia ,  1985. Tech- 
n iques  f o r  Mapping Algorithms onto P a r a l l e l  Computing Systems. (September 
1985 t o  August 1987) 

Douglas H. Peterson,  Jr. - M.S., Computer Science,  College of W i l l i a m  and 
Mary, 1987. Computer Systems and Networking. (October 1985 t o  September 1988) 

Georg Props t  - Ph.D., Mathematics-Functional Analysis ,  Karl Franzens 
Un ive r s i t a t ,  Aus t r ia ,  1985. Linear Quadratic Control Problem f o r  Delay 
Systems. (September 1985 t o  September 1987) 

Pe ter  W. P ro t ze l  - Ph.D., E l e c t r i c a l  Engineering, Technical Univers i ty  of 
Braunschweig, Germany, 1987. R e l i a b i l i t y  of Computing Systems. (March 1987 
t o  March 1989) 
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Ke-Gang Shih - Ph.D., Applied Mathematics, Univers i ty  of Maryland, 1985. 
Analysis  of Methods t o  Treat  Problems i n  Nonlinear E l a s t i c i t y .  (August 1985 
t o  J u l y  1988) 

Shlomo Ta'asan - Ph.D., Applied Mathematics, Weizman I n s t i t u t e  of Science,  
I s r a e l ,  1984. Mult igr id  Methods. (October 1984 to  September 1987) 

Sherry1 J, Tomboulian - Ph.D., Computer Science,  Duke Univers i ty ,  1986. 
Dynamic Graph Embedding Algorithms. (September 1986 t o  September 1988) 

VII. VISITING SCIENTISTS 

Saul S. Abarbanel - Ph .D., Theore t ica l  Aerodynamics, Massachusetts I n s t i t u t e  
of Technology, 1959. Professor ,  Department of Applied Mathematics, Tel-Aviv 
Univers i ty ,  I s r a e l .  Numerical Analysis of P a r t i a l  D i f f e r e n t i a l  Equations.  
(January t o  December 1987) 

J e f f r e y  M. Augenbaum - Ph.D., Applied Mathematics, Courant I n s t i t u t e  of 
Mathematical Sciences,  1982. Ass is tan t  Professor ,  Department of Mathematics, 
Univers i ty  of  Connecticut.  Solu t ions  f o r  Pa r t i a l  D i f f e r e n t i a l  Equations.  
(August 1987) 

John S. Baras - Ph.D., Applied Mathematics, Harvard Univers i ty ,  1973. 
Professor  of Electr ical  Engineering and Direc tor  of Systems Research Center,  
Un ive r s i ty  of Maryland. Control of D i s t r ibu ted  Parameter and Nonlinear 
Systems. (June 1987) 

J e f f r e y  K. Bennighof - Ph.D,, Engineering Mechanics, Vi rg in ia  Polytechnic  
I n s t i t u t e  and S t a t e  Univers i ty ,  1986. Ass i s t an t  Professor ,  Department of 
Aerospace Engineering and Engineering Mechanics, Un ive r s i ty  of Texas a t  
Austin. Control Theory. (June 1987) 

Shahid H. Ebkhari - Ph.D., E l e c t r i c a l  and Computer Engineering, Univers i ty  of  
Massachusetts,  Amherst, 1978. Associate Professor ,  Department of E l e c t r i c a l  
Engineering, Univers i ty  of Engineering and Technology, Lahore, Pakis tan  
P a r a l l e l  Processing. (Apr i l  1987 - June 1987) 

Claudio Canuto - Ph.D., Mathematics, Univers i ty  of Turin,  I t a l y ,  1975 
Researcher,  I s t i t u t o  Anal i s i  Numerica d e l  C.N.R., Palazzo d e l l '  Un ive r i s i t a .  
Spec t r a l  Methods fo r  P a r t i a l  D i f f e r e n t i a l  Equations. (June 1987) 

H. Murat Cekirge - Ph.D., Applied Mechanics, Lehigh Universi ty ,  1972, Re 
s e a r c h  Engineer,  Research I n s t i t u t e  of The Univers i ty  of Petroleum ar 
Minerals,  Dhahran, Saudi Arabia. Computational Methods f o r  E l a s t i c i t y  ar 
F lu id  Dynamics. ( J u l y  1987) 

Stephen 3. Cowley - Ph.D., Mathematics, Univer i s ty  of Iowa, 1969. Profess01 
Department of Mathematics, Imperial  College of Science and Technology. Comp~ 
t a t i o n a l  Fluid Dynamics. (August t o  September 1987) 
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Pe ter  W. Duck - Ph.D., Fluid Mechanics, Univers i ty  of Southampton, United 
Kingdom, 1975. Lec tu re r  i n  Mathematics, Department of Mathematics, Univers i ty  
of Manchester, United Kingdom. Numerical Solu t ion  of Unsteady Boundary Layer 
Equations.  (June t o  J u l y  1987) 

Robert E. Fennel1 - Ph.D., Mathematics, Univer i s ty  of Iowa, 1969. P ro fes so r ,  
Department of Mathematical Sciences,  Clemson Universi ty .  Analy t ica l  and 
Numerical Methods f o r  the Analysis of Control Problems f o r  Heredi ta ry  
Systems. (August 1986 t o  May 1987) 

Daniel  Funaro - Ph.D., Numerical Analysis ,  Univers i ty  of Pavia ,  I t a l y ,  1983. 
Researcher, Department of Mathematics, Univers i ty  of Pavia,  I t a l y .  Numerical 
Solu t ion  of Par t ia l  D i f f e r e n t i a l  Equations by Spec t ra l  Methods. (June t o  J u l y  
1987) 

Anne Greenbaum - Ph.D., Mathematics, Univers i ty  of Ca l i fo rn ia  a t  Berkeley, 
1981. Senior Research S c i e n t i s t ,  Department of Computer Science,  Courant 
I n s t i t u t e .  Numerical Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equations. ( J u l y  1987) 

P h i l i p  H a l l  - Ph.D., Mathematics, Imperial  College, England, 1973. Professor ,  
Department of Applied Mathematics, Univers i ty  of Fxeter ,  England. Computa- 
t i o n a l  Fluid Dynamics. (June t o  August 1987) 

Richard S. Hirsh - Ph.D., Fluid Mechanics, Case Western Reserve Univers i ty ,  
1971. Senior S t a f f ,  Applied Physics Laboratory,  Johns Hopkins Universi ty .  
Numerical Methods f o r  P a r t i a l  D i f f e r e n t i a l  Fquations.  ( J u l y  t o  August 1987) 

Daniel J. Inrnan - Ph. D., Mechanical Engineering, Michigan S t a t e  Un ive r s i ty ,  
1980. Professor ,  Mechanical and Aerospace Engineering Department, S t a t e  
Univers i ty  of New York a t  Buffalo. Numerical Methods f o r  Inverse Problems i n  
Dis t r ibu ted  Systems. (June 1987) 

Moshe Israeli  - Ph.D., A p p l i e d  Mathematics, Massachusetts I n s t i t u t e  of Tech- 
nology, 1971. V i s i t i n g  Associate Professor ,  Department of Mechanical and 
Aerospace Engineering, (Program i n  Applied and Computational Mathematics), 
Pr inceton Universi ty .  Computational Fluid Dynamics. (June and August 1987) 

Thomas L. Jackson - Ph .D., Mathematics, Rensselaer Polytechnic  I n s t i t u t e ,  
1985. Ass i s t an t  Professor ,  Department of Mathematics, Old Dominion 
Univers i ty .  Numerical and Analy t ica l  Methods f o r  Chemically Reacting Flows. 
(June t o  August 1987) 

Marc Q. Jacobs - Ph.D., Mathematics, Univers i ty  of  Oklahoma, 1966. P ro fes so r ,  
Department of Mathematics, Univers i ty  of Missouri. Control Theory/Dynamical 
Systems. (June 1987) 

Clas A. Jacobson - Ph .D., E l e c t r i c a l  Engineering, Rensselaer Polytechnic  
I n s t i t u t e ,  1986. Ass i s t an t  Professor ,  Department of E l e c t r i c a l  Engineering, 
Northeastern Universi ty .  Control Theory. (June 1987) 
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Robert  V. Xohn - Ph.D., Mathematics, Pr ince ton  Univers i ty ,  1979. Associate  
Professor ,  Courant I n s t i t u t e  of Mathematical Science. Optimal Control and 
Parameter I d e n t i f i c a t i o n  i n  Dis t r ibu ted  Parameter Systems. (June 1987) 

Yvon Maday - Ph.D., Numerical Analysis,  Univers i ty  of Pa r i s ,  V I ,  1981. 
A s s i s t a n t  Professor ,  Univers i te  P i e r r e  E t  Marie Curr ie .  Analysis of Spec t ra l  
Methods f o r  Approximation of P a r t i a l  D i f f e r e n t i a l  Equations. (July 1987) 

Joyce R. McLaughlin - Ph.D., Mathematics, Univers i ty  of  Ca l i fo rn ia ,  1968. 
Associate Professor ,  Department of Mathematical Sciences,  Rensselaer Poly- 
t e c h n i c  I n s t i t u t e .  Inverse  Problems and I d e n t i f i c a t i o n  f o r  Dis t r ibu ted  
Parameter Systems (June 1987) 

P h i l i p  Roe - Ph.D., Cambridge Univers i ty ,  1962. Professor ,  Department of 
Computational Fluid Dynamics, Cranfield I n s t i t u t e  of Technology, England. 
Computational Fluid Dynamics. ( J u l y  t o  August 1987) 

Sankar S. Sas t ry  - Ph.D., Electr ical  Engineering and Computer Science,  Uni- 
v e r s i t y  o f  Cal i fo rn ia  a t  Berkeley, 1981. Associate  Professor ,  Department of 
E l e c t r i c a l  Engineering and Computer Science. Univers i ty  of C a l i f o r n i a  at 
Berkeley. Nonlinear Control .  (June 1987) 

Frank T. Smith - Ph.D. ,  Fluid Dynamics, Oxford Universi ty ,  United Kingdom, 
1972. Professor ,  Department of Mathematics, Univers i ty  College,  United King- 
dom. Theory and Computation of Boundary Layer I n s t a b i l i t i e s  and Trans i t ion .  
(March t o  Apri l  1987) 

Mark W. Spong - Ph.D., Systems Science and Mathematics, Washington Univers i ty ,  
1981. Associate Professor ,  Department of General Engineering, Univers i ty  of 
I l l i n o i s  a t  Urbana. Robotics and Control Systems. (June 1987) 

Ei tan  Tadmor - Ph.D. ,  Numerical Analysis,  Tel-Aviv Universi ty ,  1979. Senior  
Lec tu re r ,  Department of Applied Mathematics, Tel-Aviv Univers i ty ,  I s r a e l .  
Numerical Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equations.  ( J u l y  t o  October 1987) 

H i l l e l  Tal-Ezer - Ph.D., Applied Mathematics, Tel-Aviv Univers i ty ,  1985. 
I n s  t r uc t o r ,  De par  tment of Ma thema t i c s  , Te l-Av i v  Univers i ty  , I s r a e l  . Spec t r a l  
Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equations.  (August t o  September 1987) 

Roger M. Temam - Ph.D., Numerical Analysis,  Univers i te  of Pa r i s ,  1967, 
Professor ,  Department of Mathematics, Univers i te  of P a r i s  X I ,  France,  
Numerical Analysis f o r  P a r t i a l  D i f f e r e n t i a l  Equations.  ( Ju ly  - August 1987) 

E l i  'lhrkel - Ph.D., Applied Mathematics, New York Univers i ty ,  1970. Associatt 
Professor ,  Department of Applied Mathematics, Tel-Aviv Univers i ty ,  Israel  
(January - December 1987) 

Mathukumalli M. Vidyasagar - Ph .D., Electr ical  Engineering, Un ive r s i ty  o 
Wisconsin, 1969. Professor ,  Department of E l e c t r i c a l  Engineering, Univers i t  
o f  Waterloo, Canada. Robotics/Control Systems. (June 1987) 
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David M. Young - %.De,  Mathematics, Harvard Universi ty ,  1950. Ashbel Smith 
Professor  of Mathematics and Computer Sciences,  Department of Mathematics and 
Computer Science,  Univers i ty  of Texas a t  Austin. Numerical Methods f o r  
P a r t i a l  D i f f e r e n t i a l  Equations. ( J u l y  1987) 

VI II - CONSULTANTS 

Loyce M. Adams - Ph.D., Applied Mathematics, Univers i ty  of V i rg in i a ,  1983. 
Associate Professor ,  Department of Applied Mathematics, Univers i ty  of Washing- 
ton .  Numerical Methods f o r  P a r a l l e l  Computing Systems. 

Ivo Babuska - Ph. D., Technical Sciences,  Tech Universi ty ,  Prague, 
Czechoslovakia,  1952; Mathematics, Academy of Sciences,  Prague, 1956; D.Sc., 
Mathematics, Academy of Science,  Prague, 1960. Professor ,  I n s t i t u t e  f o r  
Physical  Science and Technology, Univers i ty  of Maryland. Numerical Methods 
f o r  P a r t i a l  D i f f e r e n t i a l  Equations.  

Alvin Bayl iss  - Ph.D., Mathematics, New York Univers i ty ,  1975. Associate  
Professor ,  Technological I n s t i t u t e ,  Northwestern Universi ty .  Numerical 
Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equations. 

Marsha J. Berger - Ph.D., Numerical Analysis,  Stanford Universi ty ,  1982. 
Research Associate ,  Courant I n s t i t u t e  of Mathematical Sciences.  Numerical 
Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equations. 

Achi Brandt - Ph.D., Mathematics, Weizmann I n s t i t u t e  of Science,  1965. 
Professor ,  Applied Mathematics Department, Weizmann I n s t i t u t e  of Science,  
Israel .  Mult igr id  Methods. 

Dennis W. B r e w e r  - Ph.D., Mathematics, Univers i ty  of Wisconsin, Madison, 
1975. Associate Professor ,  Department of Mathematical Sciences,  Univers i ty  of 
Arkansas. Methods f o r  Parameter I d e n t i f i c a t i o n  and Estimation. 

John A. Burns - Ph.D.,  Mathematics, Univers i ty  of Oklahoma, 1973. Professor ,  
V i rg in i a  Polytechnic  I n s t i t u t e  and State Universi ty .  Numerical Methods i n  
Feedback Control and Parameter Estimation. 

Janice E. Cuny - Ph.D., Computer Science,  Univers i ty  of Michigan, 1981. 
Ass i s t an t  Professor ,  Department of Computer and Information Science, Uni- 
v e r s i t y  of  Massachusetts.  Program Environments f o r  P a r a l l e l  Computing 
Systems . 
P e t e r  R. Eiseman - Ph.D., Mathematics, Univers i ty  of I l l i n o i s ,  1970. Senior 
Research S c i e n t i s t  and Adjunct Professor ,  Department of Applied Physics and of 
Nuclear Engineering, Columbia Universi ty .  Computational Fluid Dynamics. 

S te fan  Feyock - Ph.D., Computer Science,  Univers i ty  of Wisconsin, 1971. 
Associate  Professor ,  Department of Mathematics and Computer Science,  College 
of W i l l i a m  and Mary. A r t i f i c i a l  In t e l l i gence .  
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George J. Fix - Ph.D., Mathematics, Harvard Univers i ty ,  1968. P ro fes so r ,  
Department of Mathematics, Univers i ty  of Texas a t  Arlington. Numerical 
Methods f o r  P a r t i a l  D i f f e r e n t i a l  Equations. 

Dennis B. Gannon - Ph.D., Computer Science,  Univers i ty  of I l l i n o i s ,  1980. 
A s s i s t a n t  Professor ,  Department of Computer Science,  Indiana Univers i ty  a t  
Bloomington. Numerical Methods and Software and Archi tec ture  Design. 

James F. Geer - Ph.D., Applied Mathematics, New York Univers i ty ,  1967. 
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